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INTRODUCTION 
The mealybug, a pest familiar to mos't greenhouse 
owners, offers many interesting problems* There is 
no known general method of control applicable to all 
species of mealybugs which may be found in a green¬ 
house, because the susceptibility of both the insects 
and their hosts varies considerably*. The waxy 
secretion covering the body offers resistance to the 
penetration of many insecticides commonly used in the 
control of other sucking insects* The life history 
and the method of depositing eggs varies with the 
different species. Temperature and humidity 
variations produce changes in the life cycle of mealy¬ 
bugs* The young mealybugs have a thinner coating of 
wax, which is more easily penetrated, than that of the 
adults, and are more susceptible to insecticides* 
Thus the nymphal periods in the life cycle of these 
insects are the ones particularly important in their 
control. 
After having selected this as a project, 
considerable effort was used to assemble and digest 
the literature relating to the subject. This was 
followed by the actual experimental work in which 
recommended insecticides were tested and compared, and 
the most effective were determined* A few experiments 
were sufficient to show that as far as the control of 
these pests by sprays was concerned, the major problem 
would bet 
Cl) To obtain a mixture which would successfully 
wet and penetrate the waxy covering of the mealybugs, 
thus bringing the insecticide in contact with the 
insect* 
(2) To obtain such material which would be safe 
to use on greenhouse plants such as Coleus, 
Chrys an themum, Gardenia, and Geranium, which are 
susceptible to injury from mealybugs and from insecti¬ 
cides* 
03) To determine what materials could be used in 
combination to make an efficient spray at less cost to 
the grower than the proprietary mixtures which have 
been used commonly in the control of mealybugs* 
04) To record the temperature and relative 
humidity during the period of most active control work 
and the life history study* Such physical data would 
be used to determine whether plant injury and the 
results of different insecticides were correlated with 
temperature and humidity and would be used* also, in 
the studies of the length of various stages of 
development. 
DESCRIPTIONS AND LIFE HISTORIES 
Mealybugs are small oval insects covered with a 
white mealy secretion. On the margin of the body are 
equidistant white wary filaments, those at the 
posterior end being the longer. The females secrete 
cottony sacs in which they deposit eggs, or in some 
cases, living young. The nymphs pass through a series 
of moults, the females three moults and the males four* 
. 
In the early stages the males are indistinguishable 
from the females* At the end of the third moult the 
males secrete a small white cocoon in which to pupate* 
From this emerges a tiny two-winged insect with long 
white anal filaments. The relative abundance of males 
varies in the different species* The males do not 
feed in the adult stage* 
There are workers who consider some species of 
the Pseudococcus to be parthenogenetic* However, 
James (1937, p*459) states; “The male of Pseudococcus 
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is co-equal in importance with the female, for the 
propagation of the species* Virgin females of P* 
c_itri, Risso (both aerial and root forms), P. 
% 
maritimus, Ehr*, P. gahani, Green, P* longispinus, 
Targ♦, and T* (Trionymus) peregrinus Green, are 
incapable of producing offspring* No form of par¬ 
thenogenesis occurs in these five species. Only 
fertilised eggs develop." 
These insects belong to the order Hemiptera and 
family Coccidae* There are five species, represent¬ 
ing two genera, in the greenhouses at Massachusetts 
State College. These aret 
Pseudococcus adonidum (L.) 
Pseudocoecus citri (Risso) 
Pseudocoecus maritimus (Ehrh*) 
Pseudococcus nipae (Mask.) 
ghenacoccus gossypii Towns. & 
CklU 
- long-tailed mealybug 
•*- citrus mealybug 
- grape mealybug 
- coconut mealybug 
- Mexican mealybug 
The determinations were made by Dr. Harold 
Morrison of the United States National Museum. 
Female characters are the ones chiefly used for 
taxonomic purposes. These characters of th6 genus 
Pseudococcus aret 
1. Antennae with 7-8 segments* 
2♦ Month parts present. 
3* Body naked or covered with a mealy secretion. 
4* Legs present. 
5. Tarsal claws simple* 
6. Abdominal spiracles wanting* 
7* Anal ring with six hairs. 
The generic characters of Phenacoccua are the 
4 
same with two exceptions: 
1. Antennae with 9 segments. 
2* Tarsal claws double toothed. 
Pseudococcus adonidum (L.) (Plate II, Fig. 2), 
the long-tailed mealybug, is easily recognized by its 
long lateral filaments and by the four anal filaments 
which exceed the body in length* A. white wax covers 
the yellow body. On the dorsal surface is a brown 
stripe* The female gives birth to living young within 
the thinly formed cottony mass where they are sheltered 
for a few days before beginning to feed. Larviposition 
ranges from about 10 to 21 days. One female may give 
birth to two hundred young* The average life is about 
six to seven weeks. The male has two caudal filaments. 
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Pseudocoecus citri (Risso) (Plate I, Fig* 1), the 
citrus mealybug, is light yellow or brownish yellow 
with a uniform white waxy covering except on the dorsal 
median line where the wax is sparse and forms a dark 
stripe- The short stout marginal filaments taper 
gradually from the base to the tip* The caudal fila¬ 
ments are never longer than one-fourth the length of 
the body- The posterior end of the female rests on 
top of the egg sac, which is made up of a network of more 
or less loosely interwoven fibers- Oviposltion requires 
from about five to twenty-three days* One female will 
lay from one hundred to six hundred eggs, usually 
around four hundred, which hatch in one to two weeks* 
depending upon the temperature* The life of a female 
is from six to eight weeks* The males have a tendency 
to group together during the cocoon stage, which takes 
place about four weeks after hatching. The adult males 
emerge in ten to fourteen days, and may be distinguished 
by the amber-brown body with two long waxy protuber¬ 
ances at the posterior end. 
Pseudococcus maritimus (Ehrh.) (Plate II, Fig. 1)* 
the grape mealybug, has an orange to reddish brown or 
gray body which is uniformly covered with a thin wax* 
The lateral waxy filaments are short, slender, and 
almost hair-like, and the caudal ones never longer 
than one-half thelength of the body.. From four 
hundred to six hundred eggs are deposited in a loose 
cottony sac, in from seven to fifteen days* The life 
of this species is about the same length as that of the 
previous ones* The body of the male is slightly pink* 
Pseudococcus nipae (Mask*) (Plate III), the 
coconut mealybug, is easily recognized by its cream- 
colored round body on which are short stout conical 
waxy tufts* Underneath the wax the body is amber or 
orange-yellow in color* The antennae have but seven 
segments, one less than the preceding species* The 
females are viviparous and shelter the young under their 
bodies for several days* This species is about as 
prolific as Pseudococcus adonidum (L*) and differs from 
the other species considered in that it becomes station¬ 
ary in the entire adult stage* The males are quite 
similar in appearance to those of Pseudococcus citrl 
(Risso)* 
Phenacoccus gossypii Towns* & Ckll* (Plate I, Fig* 
2), the Mexican mealybug, is covered with a coarse 
white granular wax, so arranged as to take the form of 
— 8 
four rows of impressed dots and a pronounced mid-dorsal 
/ 
longitudinal ridge. The body is gray with short 
slender lateral filaments and slightly longer caudal 
ones* An elongated cottony egg sac encloses the 
posterior end of the female (Plate VII). Oviposition 
lasts from six to fourteen days, during which from 
two hundred to five hundred eggs are laid. The males 
do not congregate during the cocoon stage and upon 
emerging have four long waxy caudal filaments. 
DISTRIBUTION 
Mealybugs, originally inhabitants of warm countries» 
have become cosmopolitan and are found in greenhouses 
throuhgout the world. 
These insects stay on the underside of the leaves* 
chiefly along the midrib and in the axils of the 
leaves. On a heavily infested plant they may be on the 
main stem, branches, petioles, and even around the base 
and on the roots of the host. 
HOST PLANTS 
These insects are found on a wide range of plants 
Below is given a partial list of the hosts* 
*Hosts in greenhouses at Massachusetts State College 
Pseudococcus adonidum (L.) 
Avocado Century plant Palm 
i-' 
Begonia Cineraria Primrose 
Bird of paradise flower Citrus ^Rubber plant 
Boston fern Coleus Staghorn fern 
Cal la Qpuntia *Xanthosoma 
Pseudococcus citrl (Risso) 
Asparagus 
Avocado 
Columbium 
Chrys anthemum 
Bird of paradise flower Cucumber 
Bottle brush 
Citrus 
Coffee 
•^Coleus 
Fern 
Gardenia 
^Geranium 
Magnolia 
Nettle 
✓ 
Palm 
Peony 
Potato 
Ragweed 
Rex Begonia 
Tobacco 
Wandering-Jew 
Pseudococcus marltimus (Ehrh.) 
Apple Century plant Grape 
Avocado ^Passion plant Pear 
Buckeye Coleus Potato 
California laurel Elder Walnut 
Wild sunflower 
Pseudococcus nipae (Mask*) 
Avocado Custard apple Guava 
Coconut palm Ferns Mulberry 
'•{? , jJvm ' I,/ ; V • I 
Oleander 
Phenacoccus gosaypi1 Towns, and Ckll. 
Chrysanthemum Egg plant Lantana 
Citrus ^Geranium Okra 
Cocklebur 
Coleus 
#Hoffmania regalis Pepper 
Hollyhock Sunflower 
Toma to 
" 11 
INJURY 
Plant injury produced by mealybugs is due largely 
to two factors, - the extraction of food material, and 
the secretion of honey-dew on which later grows a 
sooty fungus*- As a result, the plant is stunted, the 
foliage marred, and finally wilting and death follows 
(Plates IV, V, VI, VII, and VIII)* 
4 
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Mealybugs are also vectors of certain virus 
diseases of plants*- Tobacco and tomato mosaic disease 
can be spread by Pseudococcus citri (Risso) (Olitsky, 
1925)* Elmer (1925) considered Pseudococcus maritimus 
(Ehrh.) a vector of bean mosaic* In 1930, Fajardo 
working on the mosaic disease of the beam (Phaseolus 
vulgaris L.) found it to be carried by an undetermined 
species of mealybug. 
REVIEW OF LITERATURE 
Four different methods of control of mealybugs 
have been attempted* Cl) insecticides, (2) mechanical 
means, (3) physical methods, and (4) biological control. 
Insecticides 
Insecticides that have been used in the attempts 
to control mealybugs are of two general types,- 
contact poisons, which as liquid or solid must come 
in. contact with the insect in order to kill it, and 
fumigants, which kill by coming in contact as a gas. 
CONTACT POISONS* Among the earlier sprays used were 
tobacco extracts, soaps, and lemon oil* More 
recently rotenones, derris extracts, and pyrethrura 
extracts have been used* At present, the rhodanates, 
aliphatic thiocyanates, and petroleum distillates 
show promise* 
Berger (1917) in using tobacco extract stated that 
2-6 pounds of soap should be added to every 100 
gallons of spray* In controlling Pseudococcus citri 
(Risso) and Pseudococcus longispinus (Targ*), McDaniel 
(1923) recommended two bars of laundry soap to 8 - 10 
gallons of warm water, when it was impossible to get 
wat^er pressure for syringing♦ The same worker also 
found lemon oil, a commercial preparation of vegetable 
oils, useful on a commercial scale, but this was not 
effective on eggs and could not be used on the buds or 
bloom. 
— 13 ~ 
In 1927 vegetable oils were reported to be more 
toxic to insects than the neutral white oils (De Ong 
et als). Davidson (1930a) in working with aqueous 
suspensions of rotenone concluded these were not 
effective against Pseudococcus citri (Risso) due more 
to the lack of penetrating power than to toxicity of 
the rotenone* He suggested that possibly this would 
be remedied by incorporating the rotenone in an oil 
which would serve both as a penetrant and carrier. 
About this time penetrol (sulfonated oxidized 
petroleum hydrocarbons) was introduced as an activator 
for nicotine, thus doing away with the disadvantage of 
soap (Hoerner 1930). Compton (1932) used this on the 
Mexican mealybug at the rate of 1 fluid ounce of free 
nicotine and 2 fluid ounces of penetrol to 3 gallons of 
water. The efficiency of this combination with low 
pressure was increased the following year by heating it 
to 120° F. at the time of application* No heat was 
necessary when the spray was delivered at 150 to 300 
pounds pressure. 
A spray composed of 0.5 percent coconut fatty acid 
soap and 40 percent free nicotine at a dilution of 
1:400 was effective on Pseudococcus cltri (Risso) on 
gardenias (Hamilton 1932) 
- 14 
In 1932 pyrethrum was first reported as being 
used against mealybugs* Richardson (1932b) tried this 
in combination with potassium oleate soap, 0*25 percent, 
on Pseudococcus citri (Risso) attacking Coleus, and as 
only the immature insects were killed even with the 
concentration of pyrethrum as strong as *02 percent, 
concluded it was unsuitable for the control of this 
species* Richardson (1932a) considered as promising 
against Pseudococcus citri (Risso) a commercial product 
made of 11*7 percent potassium soap, 2*1 percent 
potassium carbonate, 7 percent terpenes, and 79*2 
percent water* Sixty percent of the adults, 95 percent 
of the immature stages, and a considerable percentage of 
the eggs were killed. The plant tolerance of a number 
of plants, including Chrysanthemum, Coleus, and Boston 
fern, was good, but Geranium, snapdragon, and maiden¬ 
hair fern were injured* 
Impregnated oil emulsion of pyrethrum soap or 
pyrethrum spray controlled Pseudococcus citri (Risso) 
on Araucaria, according to Britton (1933)* 
Three special summer oil sprays used at Purdue 
gave excellent results on the Mexican and common 
mealybugs, and poor control resulted from tests with 
other summer oils, nicotine, pyrethrum, and derris 
sprays (Anonymous, 1933). 
In experimenting with aliphatic thiocyanates, 
Murphy and Peat (1933) used 0-125 percent thiocyanate 
with 0-25 percent potassium stearate, with 0*5 percent 
penetrol, and with 0-1 percent penetrol on Pseudo- 
coccus cltrl (Risso)- A high percentage kill (94 - 
97 percent) was obtained with each- They definitely 
established ovicidal activity with the penetrol 
combinations- 
Ginsburg (1934b) found nicotine much more toxic 
to mealybugs than either rotenone or pyrethrum. He 
also obtained 100 percent kill of mealybugs on hardy 
plants with Deo-Base, a completely refined petroleum 
distillate- Plants varied in their susceptibility to 
injury from this insecticide. Calendula, carnation, 
poirisettia, primrose, and Rhododendron were severely 
injured while Fuchsia, Boston fern, and rambler rose 
among those slightly injured- Begonia, Chrysanthemum, 
Coleus, Geranium, and larkspur were listed as uninjured- 
Since buds and flowers show definite injury with this, 
its practicabilit}' is doubtful. 
A combination of equal parts of Halowax, a 
chlorinated naphthalene product, and a white oil 
(80 - 85 viscosity and 90 ♦ sulfonation value) with 
enough water and emulsifier to produce an emulsion 
diluted to contain 0*5 percent of each, is 100 percent 
effective against young Pseudococcus citri (Risso), 
according to Breakey (1934)* Its effectiveness on 
the adults is doubtful, and plant injury is produced, 
making this a rather unsatisfactory combination* 
Hartzell and Wilcoxon (1934) show high mortality 
of Pseudococcus citri (Risso) on young Coleus blumei 
sprayed with x-thiocyanopropyl phenyl ether 0*1 
percent and penetrol 0*5 percent* Of the twenty 
plants, including nasturtium, Petunia, English ivy, 
Jerusalem cherry, potato, and Geranium, treated with 
this, buckwheat was the only one to show injury* 
0 
Haseman and Jones (1934) claim that either white 
oil emulsion, oil emulsions plus nicotine, or lemon oil 
will usually keep mealybugs under control* 
Gladiolus corms were freed from Pseudococcus 
maritimus (Ehrh*) when emersed for 1/2 to 3 hours in 
50 percent carbon disulfide emulsion diluted 1:1000 at 
100° F. (McDaniel, 1934). 
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Wadley (1934) reports the work of C* H* Richard¬ 
son showed that of sixteen sprays, 10 percent 
kerosene emulsion was most effective on Phenacoccus 
gossypi i Towns* 5c Ckll* on Chrysanthemums * 
About 1935 more seemed to be done with various 
substances as wetting and spreading agents and a few 
new materials of this nature were introduced* Eddy 
(1935) introduced tar oil and oleic acid as a 
spreader for nicotine* Sulfated fatty alcohols, 
A 
sulfated fatty acids, and sulfated phenol compounds 
were introduced as new wetting agents for insecticides 
i 
by Ginsburg (1935)* Tisdale (1935) reported that the 
higher alcohol sulfates are spreading agents for 
insecticides* Sodium lauryl sulfate Cl N 181) and 
sodium oleyl sulfate special (1 N 438) appeared to be 
best for wetting and spreading purposes, the latter 
being the more effective for wetting and more convenient 
v. 
to use as it is a liquid readily miscible with water* 
Sodium lauryl sulfate, being a powder, is better with 
dry products* This worker also found a combination of 
sodium oleyl sulfate as the spreader and a synthetic 
plastic resinous material as the sticker effective for 
insecticidal sprays* This product, which goes under 
the trade name Grasselli Spreader (SS-3) is a liquid 
miscible with water* A year later, 1936, Tisdale 
reported Grasselll Spreader to have the advantage of 
sulfated higher alcohols in being compatible with 
solutions that are slightly acid or alkaline* 
Cory and Langford (1935) in working with the 
sulfated alcohols made preliminary tests* Two 
solutions were used* One contained *02 percent 
pyrethrum and *50 percent sodium lauryl sulfate, and 
the other *02 percent pyrethrum and *50 percent sodium 
oleyl sulfate special* Each gave 100 percent kill of 
the Mexican mealybug* Thus sodium lauryl sulfate and 
sodium oleyl sulfate seem to have possibilities as 
wetting agents* However, plants vary in their 
susceptibility to injury from the sulfated alcohols so 
the use of these in insecticides is restricted until 
the factor or factors causing plant injury are found 
and reduced* 
Lethane, a B B Butoxythiocyanodiethylether with 
sulfonated oil emulsifier and steam distilled pine 
tar (1:400), in combinations with penetrol (1:200) and 
potassium oleate soap (1:250) was highly effective 
against Fhenacoccus gossypil Towns. & Ckll* and 
-- 19 
and Pseudocoecus citri (Risso) on chrysanthemums 
(Neiswander, 1935a)- The penetrol combination gave 
the higher kill, but some burning resulted- Hatching 
of the eggs of Phenacoccus gossypii Towns * & Ckll- was 
/ 
greatly reduced by both combinations. The mortality 
was not materially reduced when the concentration of 
the insecticide or spreader was decreased fifty percent. 
The results of this worker (Neiswander, 1935b) proved 
Le thane 420 to be superior to nicotine sulfate (1:400) 
and soap (1:250), Rotenone 1 percent (1:200) and 
Penetrol (1*200) and Verdol (1:100)- 
Qne grower, as reported by Ginsburg, for three 
years used one application of a highly refined light 
petroleum oil just before transplanting the chrysan¬ 
themums into beds (Neiswander, 1935b). The results 
were entirely satisfactory on all stages of the insects, 
and this was considered by Ginsburg to be the cheapest 
method on plants which are very resistant against injury 
from this oil. 
In experimental work on Pseudococcus citri (Risso) 
and Pseudocoecus adonidum (L.), Wilcoxon and Hartzell 
(1935) obtained 100 percent kill of larvae and adults 
with both 0.10 percent x-thiocyanopropyl phenyl ether 
plus 0*5 percent penetrol and 0*10 percent trimethylene 
dithiocyanate plus 0*5 percent penetrol* As an insec¬ 
ticide, trimethylene dithiocyanate is equal to or better 
than x-thiocyanopropyl phenyl ether* Preliminary tests 
were made of seventy-five species and varieties of 
plants in regard to their susceptibility to these 
insecticides under varied conditions* Sixty-four were 
tolerant to trimethylene dithiocyanate as compared with 
fifty-nine for x-thiocyanopropyl phenyl ether* Both of 
these were used at a concentration of 0*1 percent* 
More severe injury was caused by the x-thiocyanopropyl 
phenyl ether* Young coleus plants were tolerant to 
both compounds, but old plants were injured* 
The application of a completely refined petroleum 
distillate, Deo-3ase, and pyrethrum on Pseudococcus 
comstocki Knw. and Pseudococcus citri (Risso), with a 
fog spreader, gave a high percentage of kill* Applied 
in this way, injury to delicate plants is reduced but 
in all cases flowers and buds should not be sprayed 
(Ginsburg et als, 1935)* 
Richardson (1935) in a progress report on the 
insecticidal control of the Mexican mealybug (Phenacoccus 
gossypii Towns* & Ckll*) on greenhouse chrysanthemums, 
brought out the following: (1) Derris, pyrethrum, and 
tobacco dusts are ineffective; sulphur dusts show 
promise,, killing a high percentage of the eggs* 
C2) Nicotine is not as effective as either derris or 
pyrethrum when used with some wetting agent* (3) 
* 
Lauryl and other thiocyanates kill a high percentage of 
the eggs, have high contact action at the time of 
spraying, and exert a residual toxic action over a 
period of several days after application. (4) Ten 
percent kerosene emulsion (ordinary kerosene 43*40 Be' 
is more effective than highly refined 48*60 B£) is very 
effective and is tolerated by a wide variety of 
chrysanthemums. C5) From lesser to greater importance 
may be listed soaps, nicotine, pyrethrum or derris, 
organic thiocyanates, and 10 percent kerosene emulsion. 
Loro, lauryl rhodanate, controlled mealybugs on 
chrysanthemums with dilutions of 1:400 to 1:600 with 
soap spreaders, but is not safe on hothouse roses, 
according to Evans (1936). The active ingredient has a 
high toxic effect on the Mexican mealybug on chrysanthemums. 
Ritcher and Calfee (1936) investigated nicotine in 
oil and found it to show promise as an insecticide in 
greenhouses. In a highly refined petroleum base oil 
nicotine is stable and does not deteriorate;when 
applied as a fog, the material containing 1 to 3 
percent nicotine showed no bum on some tender plants 
and laboratory tests showed a high percent kill of 
such resistant insects as mealybugs* At first, 
95 percent free nicotine was held in a completely 
volatile highly refined petroleum distillate by 
ethylene dichloride* Later 100 percent free nicotine 
was found to be soluble in several highly refined light 
oils without using an intermediate solvent* Commercial 
9 5 and 50 percent free nicotine can be used in prepara¬ 
tion of oil-nicotine sprays. Recently (1937) these 
workers have concluded that nicotine in oil is more toxic 
b 
than in an aqueous solution*. One percent free nicotine 
in oil is suitable for greenhouse work and has a toxicity 
equivalent to that of 0*1 percent pyrethrum in oil, but 
it must be applied to plants as a fine spray to avoid 
plant injury* In these trials on mealybugs with 2*5 
percent nicotine-oil, all insects were killed: namely, 
73 adults, 22 groups of young, and 49 egg masses. 
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Summary. The status of mealybug control by contact 
poisons at the present time may be stated briefly. 
Nicotine has continued to be used. There has been a 
general trend to add various agents to act as "activators” 
and "stabilizers” for nicotine* The addition of a 
highly refined petroleum oil appears to give most 
promising results* The efficiency of the pyrethrums and 
rotenones has been increased by the addition of wetting 
and spreading agents* Sulfated alcohols are being used 
as wetting and spreading agents for insecticides but 
their use is still limited, due to plant susceptibility* 
Experimental work is being done on these* Lethane and 
other thiocyanates indicate high toxicity on mealybugs 
and also show promise as being of higher toxicity than 
other tried insecticides* X-thiocyanopropyl phenyl 
ether and Deo-Base are all chiefly in the experimental 
stage. The insecticides that have been tried on mealy¬ 
bugs and found promising are nicotine in oil* pyrethrums 
plus activators, Lethane, and certain other thiocyanates* 
Even though many of the above have shown promising 
results, there is still much to be done on control work, 
for the following reasons: 
1. Ho one insecticide has been found to be effective 
on all stages and not harmful to many host plants* 
2. Many materials found effective are only in the 
experimental stage and are not on the market as insecti¬ 
cides* If they were put on the market, the expense of 
application would be prohibitive to their use on a large 
scale by commercial growers* 
/ 
FUMIGANTS* Hydrocyanic acid gas has been used for 
several years for the control of mealybugs* This method 
presents a problem to the grower in that these insects 
are quite resistant to the gas and the dosage necessary 
to kill is usually either beyond the margin of safety of 
the plant or very close to it. Both the species of 
insect and plant must be considered before fumigation is; 
tried* 
Sasscer and Borden (1917) published a valuable 
article on fumigation of ornamental greenhouse plants 
and gave a table listing the several plants and the 
dosages they can stand* Generally an initial dosage of 
1/2 oz. of sodium cyanide per 1000 cu. ft. can be applied 
with safety, yet roses, snapdragons, and sweet peas can 
not tolerate even this small amount* Thus an initial 
dosage of 1/4 oz. sodium cyanide per 1000 cu. ft* 
followed by gradual increase at frequent applications 
is preferable if many delicate plants are present. 
Best results are obtained if fumigation is carried on 
for one hour in the absence of sunlight when the 
temperature is between 55° and 68° F* and the humidity 
low* These workers obtained 100 percent kill of three 
species using 2 1/8. oz* so dim cyanide per 1000 cu. ft* 
to kill Pseudococcus nipae (Mask*) with one fumigation; 
Pseudococcus adonidum CL.) with two fumigations with an 
interval of 21 to 28 days; and 5 oz. of sodium cyanide 
per 1000 cu. ft* to control Pseudococcus citrl (Risso) 
with two fumigations with an interval of 21 to 28 days* 
This large dosage indicates the amount necessary to 
destroy these insects* Such a dosage would be too 
great for the plants and it is recommended to kill the 
immature stages by repeating at frequent intervals with 
small amount, thus finally eliminating an infestation. 
The immature forms of Pseudococcus citri (Risso) 
and Pseudocoecus adonidum (L.) can be controlled if 
fumigated several times at weekly intervals with 1 to 
1 1/8 oz* sodium cyanide per 1000 cu. ft. (Weigel and 
Sasscer, 1935)* 
Chloropicrin applied at the rate of 20 grams per 
cu* meter (1.5 oz. to 70 cu. ft.) for 45 minutes gave 
100 percent mortality of Pseudococcus adonidum (L.) on 
Strelitzia augusta, according to Piedallu and 
Balachowsky (1928). 
Experimental work has been done by Harned (1931) 
who fumigated without consideration of the plant. 
Pseudococcus kraunhiae Kuw. and Phenacoccus gossypll 
Towns. & Ckll. on Coleus were both killed by an appli¬ 
cation of 5 lbs. carbon disulfide per 2000 cu. ft. and 
1 lb. calcium cyanide per 1000 cu. ft. The carbon 
disulfide burned the plant, while the calcium cyanide 
killed it. One hundred percent of the very earliest 
stages (up to 4 days) were killed with 1 1/2 oz. nico¬ 
tine sulfate per 2000 cu. ft. The mortality of each 
successive stage was gradually lower, resulting in no 
kill of the adults. The plant was burned. 
Hadley (1934) states that C. H* Richardson found 
Phenacoccus gossypil Towns. & Ckll. to be most satis¬ 
factorily controlled, of any method tried, by an 
overnight fumigation with 3/3 to 1/2 oz. calcium cyanide 
per 1000 cu. ft. which resulted in high mortality of all 
stages except the egg. Chrysanthemums in all stages of 
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bloom were unharmed* A year later (Richardson, 1935) 
this worker indicated that Phenacoccus gossypii Towns* 
& Ckll* is more susceptible to calcium cyanide than 
Pseudococcus citri (Risso) or Pseudococcus marltimus 
(Ehrh*)* An all night exposure of 3/16 to 5/3 oz* 
calcium cyanide per 1000 cu* ft* produced a high mor¬ 
tality and killed from 5 to 15 percent of the eggs. 
Good control of these on chrysanthemums resulted from 
three to six fumigations at weekly intervals* 
Richardson (1935) states "calcium cyanide fumigation 
is of course much more suitable from the standpoint of 
thoroughness, efficiency, cost, and ease of application, 
than an effective spray*" 
The same year Haseman and Jones (1934) found 
Pseudococcus adonidum (L*) withstood doses of 4 oz* 
calcium cyanide per 1000 cu. ft. and therefore considered 
it impractical to control this pest with hydrocyanic acid 
gas in a greenhouse containing a mixed collection of 
plants* In order to obtain best results, these workers 
consider the temperature should be about 60° F*, not' 
over 70° or below 50° F* Using calcium cyanide, 
dosages from *791 to 2 oz. per 1000 cu. ft* produced 
injury to more than sixty plants when the temperature and 
- 28 
humidity were favorable for fumigation* Chrysanthemums 
showed injury when treated with as low as 1/3 oz. per 
1000 cu. ft. 
Tests were made by Ahlberg and Palragard (1934) to 
determine the effectiveness of hydrogen cyanide 
generated by cyanogas dust for greenhouse fumigation. 
This dust contains 40 percent calcium cyanide* The 
rates at which it can be applied safely at temperatures 
of 53.6° F. to 71*6° F. and humidities of 50 to 70 
percent are shown for over two hundred greenhouse plants. 
When used at high concentrations and long exposures, 
three or four treatments were necessary to kill adult 
mealybugs of the genus Pseudococcus. 
Phenacoccus gossypii Towns. & Ckll. and Pseudococcus 
citri (Risso) were found by Compton (1935a) to be most 
economically controlled by hydrocyanic acid gas* The 
pot method was used with sodium cyanide at the rate of 
1/4 to 1/2 oz. per 1000 cu. ft.,depending upon the 
tightness of the greenhouse, for 1/2 hour with the 
i 
temperature between 70° and 75° F* Relative humidity 
should be 70 percent or lower. The Mexican mealybug 
lives on plants which do not have a wide margin of 
safety when fumigated with hydrogen cyanide* Thus two 
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fumigations ten days apart at this short exposure bring 
it under control* A third fumigation ten days later 
has sometimes been found necessary to check the citrus 
mealybug, which is more resistant to the hydrogen cyanide 
than Phenacoccus gossypii Towns* & Ckll* This method 
has been found satisfactory on the majority of greenhouse 
crops* However, this dosage should not be used on roses* 
Hamilton (1935a) reports that mealybugs can be con¬ 
trolled by regular dosages of 1/4 oz. of calcium cyanide 
per 1000 cu. ft. every three or four days for two weeks * 
Neither naphthalene nor nicotine fumigation showed 
much promise in the control of Phenacoccus gossypii Towns* 
& Ckll., according to Richardson (1935). 
Summary* Fumigation of mealybugs has been found 
to be most satisfactory when either calcium or sodium 
cyanide is used* However, the conditions under which 
each may be successfully used for the control of these 
insects are limited by the following factors: 
1* Species of mealybugs vary in their susceptibility 
to hydrocyanic acid gas* 
2. The eggs are not killed by this method* 
3* Temperature and humidity of the greenhouse at the 
time of application. 
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4. Plants vary In their susceptibility to injury 
by hydrocyanic acid gas* A greenhouse with various 
kinds of plants is a problem* 
5* Amount of cyanide that can be used safely may 
not be the amount required to kill the insects. 
Mechanical Means 
Syringing is very commonly used to remove mealybugs 
from the plant* McDaniel (1923) in attempting to rid 
houseplants of mealybugs recommended washing the plants 
thoroughly on all sides with water to remove the insects* 
This process should be repeated weekly until the force of 
the water has taken them all off. 
Most species may be held in check by syringing with 
clear water, according to Compton (1932), yet it has 
little or no effect on Phenacoccus gossypii Towns* & 
Ckll*, the Mexican mealybug. 
Haseman and Jones (1934) suggest that as soon as 
mealybugs appear, a stiff stream of cold water should be 
applied as a control measure. 
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Physical Methods 
Physical methods of controlling mealybugs are at 
present only in the experimental stage.- There are no 
records of infested greenhouse plants being so treated* 
Pears and apples in parts of California are often 
infested with Pseudococcus maritimus (Ehrh*) and 
Pseudocoecus gahani Green, respectively* Due to the 
quarantines now in effect, it is necessary to rid all 
fruit of mealybugs before it can be admitted entry into 
several markets* This prompted the investigations 
carried out by Browne (1931a) of applying heat and cold 
storage treatments* Pears were put in storage at 31° F* 
and 85 percent humidity and taken out 24 hours before 
inspection to allow them to warm enough to revive any 
living Pseudococcus maritimus (Ehr*)* After 54 days 
exposure all the mealybugs were killed* It is the 
opinion of this worker that the drying factor equal to 
the 15 percent remaining between the 85 percent and the 
saturation point was responsible for the desiccation and 
killing of the mealybugs* 
Apples were subjected to heat treatment (Browne, 1931)* 
All the mealybugs, Pseudococcus gahani Green, and their 
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egg masses were killed by exposure of 6 to 8 hours at 
110° F* and 97 to 100 percent humidity*. 
Printz (1932) noted that all hibernating Pseudo- 
coccus citri (Risso) were killed at temperatures below 
6*8° F* In Russia the cold rainy weather in the 
summer of 1928 and the severe spring of 1929 greatly 
decreased the productiveness of this insect- It was 
present in limited numbers and each female laid from 3 
to 40 eggs- The summer of 1929 was hot and dry, and 
during August the females laid as many as 250 eggs each* 
Biological Control 
For several years, the biological control of mealy¬ 
bugs has had the attention of entomologists who have 
been interested particularly in the citrus pests* 
While considerable experimenting has been done outdoors 
it is surprising to note how little work has been reported 
along this line with mealybugs in the greenhouse* 
Biological control of mealybugs has been attempted 
with three different groups, - insect parasites, insect 
predators, and fungi* Of the several species worked 
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with in hopes of their becoming established as valuable 
controls only a few have been significant enough to be 
considered satisfactory* 
Cryptolaemus montrouzieri Muls*, the ladybird 
beetle, a predator which was introduced into California 
from Australia in 1892 has successfully aided in the 
control of Pseudococcus gahani Green and Pseudococcus 
cltri (Risso), and also Fhenacoccus gossypil Towns. & 
Ckll* on ornamentals* Smith and Armitage (1931) 
credit the almost complete disappearance of Pseudo* 
coccus citri (Risso) as an economic pest in California 
to the activities of this beetle, and of the Hymenop- 
terous parasite, Leptomastidea abnormis Gir* In 1935 
Clausen regarded this as one of the most effective 
predators, yet thought its method of hibernation a 
disadvantage in this country* Sweetman (1936, p.356) 
reported that Cryptolaemus rearing for Pseudococcus 
gahani Green was discontinued in 1930, because of the 
establishment and efficiency of the Chalcid, Coccophagus 
gurneyi Comp* 
In Massachusetts at the Waltham Field Station, 
W. D* Whitcomb (1934) studied the adaptability of this 
predator to the control of mealybugs in the greenhouse* 
Using Cryptolaemus he successfully checked two 
extremely heavy infestations of mealybugs on gardenias 
(1934)* In January one Cryptolaemus was liberated for 
each plant, and sixty days later had gained control* 
In August another liberation was made, which resulted 
in a thirty day control* The optimum temperature for 
greatest efficiency is 70° F* Whitcomb and Garland 
(1936) report that the results of experimenting in a 
large gardenia range showed that Cryptolaemus is 
effective in eliminating the mealybugs from the aerial 
parts of the plants but not those at the base of the 
stems which are protected by the soil* While the 
citrus mealybug was found to lay one-third more eggs at 
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80 F* than at 60 F* the efficiency of the predator is 
greatest from 70° to 80° F* and practically nil at 60° F* 
Smith (1936) reported that in order to have 
conditions such as the Cryptolaemus require there must 
be a very heavy population of mealybugs* Because of 
this he considered it much cheaper and more satisfactory 
to the grower to reduce the infestation rather than to 
allow it to increase to the extent of getting much 
injury from the hugs* 
Heming (1936) reported that Leptomastidea abnormis 
Gir. markedly reduced the population of Phenacoccus 
gossypii Towns. & Ckll. on Coleus in an insectary in 
Kew York State. 
The mealybug fungus, Entomophthora fumosa Speare, 
was discovered on Pseudococcus citri (Risso) in Florida 
in 1930. Since then it has been reported from 
Louisiana on Pseudococcus citri (Risso), and on a species 
of Phenacoccus infesting hibiscus. Speare (1922) 
considered that it was unquestionably the chief factor 
in the natural control of Pseudococcus citri (Risso) in 
Florida. Thus fungus, while very effective in the 
summer during the rainy season, allows the insects to 
increase in the spring* Watson (1932) stated that no 
method for artificially culturing this in the laboratory 
has been discovered. No results have been seen from 
any attempts to use this in the greenhouse. 
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METHODS AND PROCEDURE 
A survey of the greenhouses on the campus showed 
that no further search for mealybug material was 
necessary* Coleus plants are one of the favorite 
foods for the insect, and as these can be grown easily 
and quickly, they were selected for the host. Slips 
were started in sand and later transferred to pots. 
A continuous supply of growing plants was kept on hand 
at all times. When well established the plants were 
infested with mealybugs taken from various plants in 
the greenhouses. A plentiful supply of infested 
material was always available. 
Of the five species of mealybugs available,. 
Pseudococcus nipae (Mask.) was the only one which did 
not become established on Coleus. Pseudococcus citri 
(Risso) and Phenacoccus gossypii Towns. & Ckll. were 
grown easily, b\jt Pseudococcus adonidum (L.) and 
Pseudococcus maritimus (Ehrh.) developed only in small 
numbers. Mixed cultures of mealybugs were used 
throughout most of the work. Pseudoccus citri (Risso) 
and Phenacoccus gossypii Towns. & Ckll. were the most 
numerous, representing eighty percent or more of the 
numbers present. 
After a considerable amount of experimenting had 
been carried on with various insecticides the results 
showed that a few combinations very definitely were 
superior to all others that were tested- These combi¬ 
nations were then tried on pure cultures of each species 
of mealybug. 
Since parasites and predators cannot be used for 
all species, it seemed practicable to attempt to find a 
contact insecticide that could be used on mealybugs in 
general- 
With contact insecticides, the first step was to 
make preliminary tests of various proprietary products 
which had been recommended by their manufacturers as 
effective for mealybug control- From this work, the 
most promising were selected and used for further 
experimentation- 
It was impossible to obtain complete information 
as to the chemical composition of all the insecticides, 
and of wetting, spreading, and emulsifying agents- 
In many cases the manufacturers list the sulfonated oil 
emulsifiers with the active ingredients- Members of 
the thiocyanate group all have a sulfonated oil and a 
high percentage of the active ingredients- The 
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rotenones have a low amount of active material, 
usually in water, alcohol, or acetone* Special soap 
and essential oils are spreading agents for the 
pyrethrum sprays, while for the pyrethrum and rotenone 
combination, sulfonated castor oil and penetrol are 
used* Any spreader used with nicotine is added at 
the time of using* White mineral oil and liquid soap 
are the emulsifying agents for *cedogen** 
One of the factors in the control of these insects 
appeared to be the necessity of bringing the insecticide 
in contact with the insect so as to penetrate the wax* 
Therefore, considerable work was carried on using 
various commercial materials designed as wetting and 
spreading agents. 
The insecticides, wetting, and spreading agents 
were accurately measured with a graduated pipette* 
The wetting and spreading agents were always added after 
the insecticide had been diluted to the required amount* 
Sprays were mixed in liter quantities and thoroughly 
applied to every part of the plant with an atomizer* 
Observations were made at the end of 24, 48, and 
in most cases 72 hours* The following data were read: 
percent mortality, hatching of the eggs, egg deposition, 
and injury to the plant by chemicals* 
Five leaves were selected at random from the top* 
middle and bottom of the plant to represent an even 
distribution of the mealybugs on the host. Since it 
was necessary to use a binocular microscope to count 
the insects, leaves were removed each day. 
A thermograph and hydrograph were set up in the 
greenhouse so that records of temperature and humidity 
during the experiments are available* 
In order to test the wetting and spreading ability 
of the materials, individual insects were placed on a 
filter paper and sprayed* 
To determine the effect of the insecticides which 
had given the best results in the greenhouse tests, on 
individual species of mealybugs, it was necessary to 
first isolate them and obtain pure cultures* This was 
done by taking rooted Coleus slips, observing every 
portion to make sure they were absolutely clean, and 
then transplanting them in dirt free from mealybugs and 
ants* Since some ants are known to be carriers of 
mealybugs, it was necessary to devise some method of 
isolating the plants. A preliminary experiment showed 
that ants could not cross a large area of sticky fly 
paper. Consequently a box was completely covered with 
this on all sides and the plants set on top* Plate IX 
shows this set-up in the greenhouse. 
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In order to maintain cultures of single species 
and prevent infestation with more than one species, the 
plants were placed in a room in which no insects were 
present. They were placed on a block of wood which 
was set in a saucer and completely surrounded by a 
liquid soap solution* The soap later served as a 
barrier in preventing insects travelling from one plant 
to another* This particular medium was used because 
it was not necessary to replace the material often* 
One female about to oviposit was placed on a plant 
and from her an isolated pure culture was obtained. 
The most promising insecticides were used against 
each individual species of mealybug* Four selected 
plants which are common hosts of mealybugs were also 
separately treated with these materials* The plants 
selected were Chrysanthemum, Coleus, Gardenia, and 
Geranium* 
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Materials Tested 
INSECTICIDES'* The insecticides used may be 
divided according to their active ingredients into the 
following groupst 
1. Thiocyanates 
2* Nicotine 
3* Eotenone 
4* Pyrethrum 
5* Nicotine and rotenone combination 
6- Rotenone and pyrethrum combination 
7. "Cedogen* 
Table I gives a complete list of the insecticides used* 
All the possible information that could be obtained 
concerning these insecticides has been incorporated into 
Table I* The tabulations of active ingredients comply 
with the manufacturers1 statements*. It is quite 
possible for an agent to act as a wetter, spreader, or 
emulsifier, or as any two or all three, therefore these 
have all been grouped together* Also some of the 
ingredients designated by the manufacturers as active 
may well act as emulsifiers, wet-ters, and spreaders* 
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WETTING, SPREADING, AND EMULSIFYING AGENTS. 
The wetting, spreading, and emulsifying agents are of 
a varied character, and for convenience are divided 
into three distinct groups: 
Group I 
Sulfonated aryl or alkylated aryl compounds 
Sulfonated ether 
Sulfonated aryl amine 
Salt of alkyl-aryl compound 
Group II 
Sodium oleyl sulfate 
Soap or sulfonated soap 
Group III 
Fish oil 
Hydrocarbon 
? (Emulphor AD Oil-Soluble) 
Ketone 
Table II represents the available information on 
the wetting, spreading, and emulsifying agents used* 
In this table the type of agent as given is, in most 
cases, as indicated by the manufacturer. 
DILUTIONS*- The insecticides with the wetting, 
spreading, and emulsifying agents, and the dilutions 
used, are given below: 
1* Thiocyanates 
Lethane 420 
1:400 plus Immersol 1:100 
In the preliminary test this showed 
promising results. 
Lethane 440 
1:250 
1:250 plus Lethane Spreader 1:300 
1:250 plus Immersol 1:100 
1:250 plus Penetrol 1:200 
1:250 plus SS-3 1:1600 
1:250 plus Wet Areskap 1:200 
Loro 
1:100 plus Ammonium sulfonated soap 1:100 
1:600 plus Immersol 1:100 
1:100 plus Immersol 1:100 
1:800 plus Penetrol 1:200 
1:1200 plus SS-3 1:160Q 
1:1000 plus SS-3 1:1600 
1:800 plus SS-3 1:1600 
1:600 plus SS-3 1:1600 
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Loro 
1:100 plus SS-3 1:1600 
1:800 plus Ultrawet 1:2000 
1:600 plus Wet Areskap 1:200 
1:100 plus Wet Areskap 1:200- 
2* Nicotine 
Black Leaf 40 
Three preliminary tests at dilutions 
1:50 to 1:200 were tried* 
2:100 plus Immersol 1:100 
*5:100 plus Kubatox *5:100 plus Immersol 1:100 
*5:100 plus Red Arrow *5:100 plus Immersol 1:100 
3* Rotenons 
Cub or 
Preliminary tests were made with five 
dilutions ranging from 1:50 to 1:200. 
1:100 (10 teaspoons to 1 gallon). 
Derrisol 
Three preliminary tests were made with 
dilutions 1:50 to 1:200* 
*2:100 plus Ammonium sulfonated soap 1:100 
*2:100 plus Immersol 1:100 
*5:100 plus Immersol 1:100 
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Kubatox 
Preliminary tests using dilutions 8 oz.> 
12 oz., 20 oz. to 2 gallons showed this 
to be ineffective. 
Rotecide 
1:200 
1:200 plus Wet Areskap 1:830 
4. Pyrethrum 
Red Arrow 
2*5:100 
2*5:100 plus Red Arrow Soap 1:800 
2*5:100 plus Immersol 1:100 
2*5:100 plus IN 438 1:1500 
2*5:100 plus Penetrol 1:200 
2*5:100 plus SS-3 1:1600 
2*5:100 plus Wet Areskap 1:200 
Sea-Em-Die 
100 
29*09:100 plus Emuljahor AD Oil-Soluble 
23*03:100 *• w * • 
16*64:100 » " * * " 
*24:100 
*19:100 
*13:100 
16.66:100 II If It If it 
16.66:100 It » n if 
(Later syringed with water) 
1*66:100 
1.66:100 
Sea-Em-Die 
16.66:100 plus Emulphor AD Oil- Soluble .66:100 
16.66:100 It it it it it .33:100 
16.66:100 n it it it it .33:100 
(Later syringed with water) 
16.66:100 plus Emulphor AD Oil-: Soluble .166:100 
9.07:100 * it it it it .22:100 
6.24:100 H it it it H .15:100 
4.72:100 It » it it It .70:100 
3.2 :100 It ii II H It .008:100 
1.62:100 It H II It It .81:100 
37.26:100 plus Penetrol *62:100 
22.91:100 It H *38:100 
4.72:100 II It *70:100 
2.42:100 It It *72:100 
1.62:100 It It *48:100 
4.72:100 plus SS-3 *70:100 
2.42:100 It n *7 2:100 
1.62:100 H it *48:100 
5* Nicotine and rotenone combination 
Nico Rote 
1:200 
1:200 plus Immersol 1:100 
1:200 plus Wet Areskap 1:200 
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6* Rotenone and pyrethrum combination 
Foliafume 
1:500 
Pyrosoy 
This product was received late in the spring 
of 1937• One preliminary test at a 
dilution of 1:200 did not show this to be 
i 
effective. 
Rototox 
1:200 
Seagreen 
1:100 
7 * *CedogenH 
Cedoflora 
Preliminary tests were made with six 
different dilutions ranging from 1:16 to 
1:200. 
1:25 
1:25 plus Immersol 1:100 
1:25 plus Penetrol 1:200 
1:25 plus SS-3 1:1600 
1:25 plus Wet Areskap 1:200 
— 48 
The wetting, spreading,and emulsifying agents, with 
the various insecticides and the dilutions used, are: 
Group I 
Sulfonated aryl and alkylated aryl compounds 
Areskap 
Wet Areskap 
1.1200 
1:200 plus Cedoflora 1:25 
1:200 plus Lethane 440 1:250 
1:200 plus Loro 1:600 
1:200 plus Loro 1:100 
1:200 plus Nico Rote 1:200 
1:200 plus Red Arrow 2*5:100 
1:200 plus Rotecide 1:200 
SEUlfonated ether 
Immersol 
Dry Immersol 
1:100 
Wet Immersol 
1:100 
1:100 plus 
1:100 plus 
1:100 plus 
1:100 plus 
Cedoflora 1:32 
Cedoflora 1:25 
Derrisol .2:100 
Derrisol .5:100 
Wet Immersol 
1:100 plus Lethane 420 1:400 
1:100 plus Lethane 440 1:250 
1:100 plus Loro 1:600 
1:100 plus Loro 1:100 
1:100 plus Black Leaf 40 2:100 
1:100 plus Black Leaf 40 *5:100 
plus Kubatox *5:100 
lrlOO plus Black Leaf 40 *5:100 
plus Red Arrow *5:100 
1:100 plus NicoRote 1:200 
1:100 plus Red Arrow 2*5:100 
Sulfonated aryl amine 
Lethane spreader 
1:300 plus Lethane 440 1:250 
Salt of alkyl-aryl compound 
Aresco 
1:100 
Group II 
Sodium oleyl sulfonate 
IN 438 
1:1500 
1:1500 plus Red Arrow 2^5:100 
Grasselli Spreader (SS-^) 
1:1600 
1:1600 plus Cedoflora 1:25 
1:1600 plus Lethane 440 1:250 
1:1600 plus Loro 1:1200 
1:1600 plus Loro 1:1000 
1:1600 plus Loro 1:800 
1:1600 plus Loro 1:600 
1:1600 plus Loro 1:100 
1:1600 plus Red Arrow 2.5:100 
•48:100 plus Sea-Era-Die 1.62:100 
.70:100 plus Sea-Era-Die 4.72:100 
.72:100 plus Sea-Em-Die 2.42:100 
Soap or sulfonated soap 
Red A Liquid Soap 
1:800 plus Red Arrow 2.5:100 
U1trawet 
1:2000 
1:2000 plus Loro 1:800 
Ammonium sulfonated soap 
1:100 plus Derrisol .2:100 
1:100 plus Loro 1:100 
Homemade Soap 
1 teaspoon to 1 cup water 
1 teaspoon to 1 cup water plus Cedoflora 1:32 
1 teaspoon to 1 cup water plus Cubor 1:100 
1 teaspoon to 1 cup water plus Derrisol 1:100 
1 teaspoon to 1 cup water plus Black Leaf 40 
1:100 
Igepon AP Extra Cone 
Liquid Coap Spreader 
Group III 
Hydrocarbon 
Penetrol 
It 200 
*99 tlOO 
*49:100 
1:200 plus Cedoflora 1:25 
1:200 plus Lethane 440 1:250 
1:200 plus Loro 1:800 
1:200 plus Red Arrow 2*5:100 
*38:100 plus Sea-Em-Die 22*91:100 
*48:100 plus Sea-Em-Die 1*62:100 
*62:100 plus Sea-Em-Die 37*26:100 
*70:100 plus Sea-Em-Die 4*72:100 
*72:100 plus Sea-Em-Die 2*42:100 
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C?) Emulphor AD Oil-Soluble 
*16:100 
*24:100 
, t ■ ' , , ' > 
*35:100 
*008:100 plus Sea-Em-Die 3*2:100 
*13:100 It It It II 16*64:100 
*15:100 W It- II II 6*24:100 
*166:100 It It tt It 16*66:100 
►19:100 It It tl II 23.03:100 
*20:100 tt II It II 5.00:100 
*22:100 It II It II 9.07:100 
*24:100 * It It tt 29.09:100 
*33:100 H' H tt It 16*66:100 
*66:100 It It H It 16*66:100 
*70:100 II It It It 4*72:100 
*81:100 tt It N It 1.62:100 
1*66:100 It H It It 16*66:100 
Ketone 
Acetone 
1:100 
EXPERIMENTAL WORK 
All experimental data are tabulated in Table III. 
The insecticidal combinations are listed in their 
respective order as grouped in Table I* The dilutions 
used, the number of insects present at the end of 24, 
48, and 72 hours after the spray was applied, and the 
percentage of mortality at the end of each of these 
time periods are presented. Adults and nymphs are 
grouped together, since in all cases except Cedoflora 
there was no marked distinction in the susceptibility 
of the different stages to the insecticides. All 
experiments with Cedoflora and with its combinations 
produced a higher percentage of mortality of nymphs 
than of adults* 
The insecticides were tried at the dilutions 
recommended by the manufacturers, as well as at many 
other concentrations. Since a spreader is recommended 
with Loro for mealybugs, this insecticide was not used 
alone. 
One of the most effective materials tried was 
Sea-Em-Die* This has been included under the pyrethrum 
group* Whether the killing effect is due to the 
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pyrethrum, the essential oils, or both, is still a 
question* Complete information could not be obtained, 
as may be seen by the following statements taken from 
correspondence with the manufacturers! 
wSea-Em-Die is a product which was developed 
specifically for the control of mealybug and 
red spider* It cannot be mixed with water 
but is used straights* As this article is a 
combination of different oils, there is some 
danger of its burning the plants* However, 
many growers have obtained very satisfactory 
results by applying it with care in a very 
fine mist so that the liquid would not settle 
on any portion of the plant* Very little of 
this product is necessary to obtain an 
effective kill*1* Correspondence of November 
23, 1936* 
#Sea-Em-Die is a combination of a number of 
essential oils to which we have added Pyrethrum* 
The names and proportions of these oils we do 
not care to divulge♦ * 
Correspondence of December 12, 1936* 
*Sea-Em-Die is used most advantageously in as fine 
a spray as possible* Some of the commercial 
manual and electric sprayers on the market give a 
very fine mist, but we endeavor, to help in 
securing more satisfactory results with our 
product, to develop a hand atomizer* A sprayer 
was built for us which has about five hundred 
pounds pressure at the nozzle and gives the type 
of spray we want, but to date this sprayer has 
not been perfected for commercial work*"- 
Statement from correspondence of March 30, 1937* 
Because of the injury factor and the expense of 
using a straight solution, attempts were made to find 
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some emulsifying agent which might be used to reduce 
the amount of Sea-Em-Die. Such agent might also re¬ 
duce the cost, as well as the plant injury. Itfot 
knowing the exact nature of the essential oils 
present, everything available was used in the hope 
that something would emulsify it. The starred (&) 
materials in Table II were tried. Three materials 
did emulsify this insecticide. Emulphor AD Oil- 
Soluble, a neutral product free from soap, emulsified 
it better than SS-3 or Penetrol and proved very satis¬ 
factory. 
Sea-Em-Die at full strength injured Coleus, but 
when reduced to a dilution 16.66:100 and emulsified 
with Emulphor AD Oil-Soluble 1.66:100, the same results 
as to insect kill were produced and injury was only on 
the larger leaves where the spray settled. A plant 
treated with the same spray and syringed five minutes 
later showed no injury and nearly as good kill. Of 
all the dilutions tried, the highest kill with no injury 
was reached using Sea-Em-Die 16.66:100 plus Emulphor AD 
Oil-Soluble .33:100. Dilutions of Sea-Em-Die lower than 
16.66:100 should have an increase of Etaulphor AD Oil- 
Soluble in order to become as effective. 
Sea-Em-Die does not injure gardenias, but being a 
very light oil, leaves an oily film on the leaves* 
As an experiment, fifteen minutes after spraying with 
full strength Sea-Em-Die, the plants were syringed* 
Results were most favorable, as the insects were killed 
and the plant had no oily film. 
The method of counting to determine the percentage 
of mortality should be taken into consideration* Upon 
examining the data in Table III, it may be noted that 
the percentages vary* In the experiment in which 
Lethane 440 (1:250) was used with Penetrol (1:200), the 
percentage of mortality at 24 hours was 97*77, at 48 
hours 98*21, and at 72 hours 95*86* Percentage of 
97*77 represents 88 dead out of 9Q; 98.21 represents 
165 dead out of 168; and 95*86 represents 139 dead out 
of 145* Thus it may be seen that when different 
insects are counted there is naturally a variation in 
results* The results with Red Arrow (2*5:100) plus 
Immersol (1:100) show 123 dead out of 133 (92*48 percent) 
at 48 hours, and 247 dead out of 255 (96*86 percent) at 
72 hours* A difference of 10 insects as against 8 
makes a difference of 4*38 percent In the results* 
Thus a difference of 5 percent should not be considered 
as particularly valuable one way or the other* However 
as all experiments were carried on in the same way and 
with equal care, the relative values of the insecticides 
are brought out* 
In some cases, the smaller number of individuals 
at each succeeding observation may be accounted for by 
the fact that the leaves on the plants were small and 
there were but few insects left after the first dayrs 
count had been made* Such was true for the following: 
Le thane 440 It850 plus Immersol 1:100 
he thane 440 1:250 plus Wet Areskap 1:200 
Loro 1:800 plus Penetrol 1:200 
Loro 1:1000 plus SS-S 1:1600 
MicoRote 1:200 plus Immersol 1:100 
Most of the results obtained with dilutions of 
Sea-Em-Die lower than 5:100 varied considerably. Since 
the dilutions higher than 5:100 gave consistent results 
it seems logical to suppose that such variations were 
due to too low a concentration of the insecticide. 
Insecticidal Combinations 
In many instances preliminary work was carried on 
simply to determine whether or not the insecticide was 
at all effective on mealybugs* In such cases counts 
were not made. 
A complete list of the insecticides and their 
combinations for which counts were made is given in 
Table IV* The insecticides are grouped as previously* 
and the wetting, spreading, and emulsifying agents are 
arranged alphabetically under each insecticide* 
Effective Insecticides 
The sex ratio of mealybugs varies* James (1937) 
has found them to be approximately as follows: 
Pseudococcus adonidum (L*) * lib (1 male to 5 females) 
P* citri (Risso) - 1:1 
P* maritimus (Ehrfc*) - 1:2 
Each female of Pseudococcus citri (Risso) is capable 
of laying an average of 350 eggs* As the eggs must be 
fertilized it would take two individuals, a male and a 
female, to produce 350 offspring* Consider that the 
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parents die, as is usually the case, after reproduction 
has taken place, and that an insecticide was used on the 
350 offspring. If 80 percent mortality was produced, 
there would still be 70 individuals left, enough to 
increase an infestation theoretically to approximately 
12,250 individuals in the first generation* From this 
it may be seen that for an insecticide to be of great 
value in checking a heavy infestation, the percent 
mortality must be much higher than 80 percent* Even 
with a 98 percent kill, there is still a chance for a 
heavy infestation to maintain itself* Where there are 
comparatively few individuals and these are somewhat 
scattered, an 80 percent kill might mean the checking of 
an infestation. Lack of fertilization and many other 
factors might prevent the remaining" few from surviving 
or reproducing at their full capacity* 
In considering an insecticide of any value in this 
work, an arbitrary standard of 80 percent mortality or 
above has been taken* The insecticidal combinations 
which produced results in accordance with this standard 
at the end of 24, 48, and 72 hours after spraying, are 
arranged under varying percentages of mortality in Table 
V. The percent mortality of each is directly above the 
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insecticide* Upon examination it can be seen at a 
glance which insecticides produced greatest results at 
the end of each time period, and also the relative 
percent mortality produced in relation to varying 
degrees of mortality within these 24, 48, and 72 hour 
periods* For example, in the 24 hour period, Lethane 
plus Lethane Spreader does not show as high results as 
Lethane plus Penetrol* 
There are but two major groups of insecticides 
represented in this tabler the thiocyanates, represented 
by Le thane and Loro; and the pyrethrums, by Red Arrow and 
Sea-Em-Die. 
To bring out more clearly a comparison of the 
effectiveness of the various agents used, at the end of 
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24, 48, and 72 Jrours after spraying, Table VI has been 
made* Here the most effective insecticides and their 
combinations are tabulated in the order of their 
effectiveness under the time periods at which the mortal¬ 
ity was indicated* The most effective heads the list* 
Since most insecticidal combinations show a higher kill 
at the end of 48 or 72 hours, than at 24 hours, many of 
these used in the same experiment appear in more than 
one list* 
At the end of 24 hours, pyrethrum In the form of 
Sea-Em-Die is the most effective * Sea-Em-Die used 
straight or emulsified with Emulphor AD Oil-Soluble, 
in dilutions ranging from 23*03 percent to 16*66 percent, 
and with Penetrol in dilutions ranging from 37*26 percent 
to 22*91 percent, are all 100 percent effective. When 
Sea-Em-Die was emulsified with Emulphor AD Oil-Soluble 
such that the percentage of Sea-Em-Die was 16*66 and that 
of Emulphor AD Oil-Soluble *33, a 100 percent kill was 
obtained* However, an experiment was tried in which 
five minutes after spraying the spray was washed off with 
water, yet the percentage mortality in this case was 
99*25. This showed that Sea-Em-Die is not only 
effective over a period of 24 hours, but that its reaction 
upon the insect takes place very quickly* 
Pyrethrum as Red Arrow, while effective in 24 hours, 
is most effective after 72 hours. 
The thiocyanates, Lethane and Loro, show most 
promising results in 24 hours, but at the end of 48 hours 
Loro heads the list. 
There is a period at which insecticides and their 
combinations with wetting, spreading, and emulsifying 
agents produce their maximum effect* The material that 
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has been presented up to this point has been of a 
general nature, in which the whole experiment over 
periods of time has been considered* There appears 
in each test a time at which the maximum effectiveness 
of the insecticides was observed* Table VII gives 
maximum effectiveness of each combination under the 
period at which it was observed* These results are 
based on records of more than one reading, with but few 
exceptions * 
The insecticides and their combinations which pro¬ 
duced the highest percentage mortality on mixed cultures 
of mealybugs are listed below* The more concentrated 
dilutions which either produced plant injury or are 
equalled in toxicity by more dilute concentrations, are 
omitted* 
Sea-Em-Die 16*66:100 plus Emulphor AD Oil-Soluble .33:100 
Lethane 440 1:250 
Lethane 440 1:250 plus Penetrol 1:200 
Lethane 440 1:250 plus Wet Areskap 1:200 
Loro 1:600 plus Immersol 1:100 
Loro 1:600 plus Wet Areskap 1:200 
Loro 1:1000 plus SS-3 1:1600 
—><•*- 33 ■*** 
Red Arrow 2*5:100 plus Penetrol 1:200 
Red Arrow 2*5:100 plus Immersol 1:100 
Red Arrow 2*5:100 plus Red A Soap 1:800 
Red Arrow 2*5:100 plus Wet Areskap 1:200 
All insecticides and their combinations with 
wetting, spreading, and emulsifying agents do not 
reach their maximum effectiveness at once* Some show 
a gradual increase, while others attain their greatest 
effect much sooner*. The increase is shown by a 
higher percent mortality*. Just what percent has any 
value as increase is arbitrary* 
. * 
Referring to Table III, Lethane 440 1:250 plus 
Lethane Spreader 1:30Q gave a kill of 80*27 percent, 
85*77 percent, and 84*48 percent at the end of 24, 48* 
and 72 hours respectively* In numbers, these 
represent in respective order, 118 dead out of 147* 
193 out of 225, and 49 out of 58* From these it may 
be seen that a difference of 5*5 percent is not as large 
a value as one would at first expect it to be* However, 
as this does show a slight increase, 5*5 percent has 
been taken as an arbitrary standard as showing an 
increase in effectiveness* Those sprays which show an 
increase in effectiveness of 5*5 percent or more are 
listed with the percentage mortality observed at the 
end of 24, 48, and 72 hours, in Table VIII* 
Lethane 440 was used alone and in combination with 
five different agents, yet in only three instances is 
there a general increase in effectiveness over a period 
of time, namely, Lethane 440 L:250, and in combination 
with Lithane Spreader and SS-3* The greatest increase 
took place during the 24 to 48 hour period* Lethane 
with SST-3 was not as efficient at the end of the first 
24 hours as the other combinations* 
Loro, when used at the dilution It600 with the 
additional agents, always became more effective during 
the 24 to 48 hour period* This was also true at 1:100 
with Wet Areskap. Used 1:1000 with SS-3 and 1:800 with 
Penetrol, the greatest increase came between 48 and 72 
hours after spraying* Loro 1:800 plus Penetrol, 
1:600 plus Immersol, and 1:600 plus Wet Areskap, all 
showed little promise at the end of 24 hours, but greatly 
increased the kill after that* 
The data with Red Arrow and its various combinations 
present a somewhat different picture* In all cases, 
Red Arrow showed a greater increase in effectiveness 
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during the 24 to 48 hour period than the 48 to 72 hour 
one* Red Arrow in combination with Immersol, IN 438, 
and SS-3 gave a low kill at the end of 24 hours, but 
the efficiency increased considerably the second day* 
Sea-Em-Die used at a low dilution with Eraulphor 
AD Oil-Soluble also showed a second day increase* 
Lethane and Loro 1:600 with SS-3 both produced a 
mortality of 65 percent in 24 hours, and after that 
one of 88 percent. 
Insecticides showing the greatest Increase in 
effectiveness are arranged in order as follows: 
Loro 1:800 plus Penetrol 1:200 25*76 - 84 percent 
Red Arrow 2*5:100 plus IN 438 1:1500 33*91 - 9 2.23 H 
Loro 1:600 plus Immersol 1:100 38*29 - 100 
Red Arrow 2.5:100 plus SS-3 1:1600 50 - 86 n 
Red Arrow 2*5:100 plus Immersol 1:100 63*85 - 96*86 n 
Loro 1:600 plus SS-3 1:1600 65*62 - 88*88 H 
Lethane 440 1:250 plus SS-3 1:1600 65*67 - 88*88 n 
Red Arrow 2*5:100 plus Red A Soap 
1:800 
77*10 - 9 6*81 « 
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In only two instances did the greatest increase 
occur between 48 and 72 hours after spraying* Loro 
1:1000 plus SS-3 1:1600 from 88*57 to 95*65 percent, 
and Loro lt800 plus Penetrol 1:200 from 47*94 to 84 
pe rc en t. 
Not only are there two groups of insecticides 
represented in Table VIII, the thiocyanates and the 
pyre thrums, but in combination with these are wetting, 
spreading, and emulsifying agents from each major group, 
according to Table II* 
Group I Group II Group III 
Thiocyanates 
Lethane Lethane Spreader SS-3 
Loro Wet Areskap SS-3 Penetrol 
Immersol 
Pyrethrums 
Red Arrow Wet Areskap IN 438 Penetrol 
Immersol SS-3 
Red A Soap 
1 
Sea-Em-Die Emulphor AD 
Oil-Soluble 
In Group I three types are represented: a 
sulfonated aryl compound, Wet Areskap; a sulfonated 
ether, Immersol; and a sulfonated aryl amine, Lethane 
% 
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Spreader* Sodium eleyl sulfate, SS-3, of Group II, 
is in combination with Lethane, Loro, and Red Arrow, 
and these combinations show an increase in effectiveness 
over a period of two to three days. 
Lethane in combination with all other agents used 
with it, except Lethane Spreader, is effective within 
the first 24 hours, or if a higher mortality occurs in 
t 
48 to 72 hours the difference is not enough to consider 
it an increase in efficiency* 
Ineffective Insecticides 
Many of the insecticides and their combinations 
with other agents were not effective killing materials 
for mealybugs. The results as presented in Table IX 
show that nicotine, rotenone, nicotine and rotenone 
combinations, and rotenone and pyrethrum combinations, 
are all of this type. 
Preliminary tests wit£ nicotine as nicotine sulfate 
(Black Leaf 40) showed this to be of no real value* it- 
was also ineffective when used with a rotenone spray* 
Kubatox, plus Immersol, and also with Red Arrow, a 
pyrethrum insecticide, plus Immersol. With rotenone 
the mortality was considerably lower than that produced 
The weak amount of pyrethrum in by nicotine alone* 
the dilution used did not increase its effectiveness. 
All the rotenone insecticides* Cubor, Derrisol, 
Kubatox, and Rotecide, were of practically no value as 
killing agents. The highest mortality obtained with 
any of these was with Derrisol .2^100 plus Immersol 
1:100, which produced a 28.98 percent kill in 24 hours. 
The mealybugs treated with Cubor, a powder which is made 
up into a spray, were observed for twelve consecutive 
days and only on the third day did the kill reach as 
high as 8.97 percent. 
NicoRote, a combination of nicotine and rotenone, 
gave best results when in combination with Immersol, 
and then only 17.74 percent mortality resulted. 
The rotenone and pyrethrum combinations, - Foliafume, 
Pyrosoy, Rototox, and Seagreen - were all very ineffective. 
Among these, Rototox was the best, and even that gave 
but a 13.33 percent kill. 
It is not particularly surprising that the nicotine 
and rotenone combinations did not produce good results, 
as neither alone was effective. Rotenone and pyrethrum 
combinations might be expected to be of value, since 
pyrethrum sprays alone were most effective. There is 
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18 percent pyrethrum extract in Red Arrow, but the 
amounts present in the rotenone-pyrethrum combination 
could not be found in all cases* Seagreen has 5*5 
percent pyrethrum and 3 percent derris containing 
1 percent rotenone; Foliafume and Rototox are merely 
listed as containing, respectively, 85 and 90 percent 
active ingredients* If this amount is active, 
possibly the rotenone reduces the insecticidal value of 
pyrethrum*. It is unfortunate that more information 
could not be obtained as to the chemical consistency of 
many of these insecticides, for it is impossible to draw 
correlations in many cases, due to insufficient data* 
Again, it may be that the amount of pyrethrum in 
these combinations is too small to be effective on 
mealybugs* Sea-Em-Die has pyrethrum and is decidedly 
effective, yet the amount is not known, so this cannot 
be used in making correlations* 
Getting, Spreading, and Emulsifying Agents 
Tests were made with the wetting, spreading, and 
emulsifying agents, at dilutions in which these were 
used with insecticides, on mealybugs, to determine if they 
had insecticidal values* The results in Table X show 
them to have but very little killing ability* Comparing 
the percent mortality of these agents with those where 
only water was used, one can readily see that water is 
equally as effective* Natural death of insects is 
shown by the mortality records taken on a check plant* 
Comparing check, water, and different wetting, spreading, 
and emulsifying agents, the highest mortality on the 
check was *7246 percent; on water 13*51 percent; and 
IN 438 gave 14*23 percent, the highest of the other 
agents. 
Wetting, spreadying, and emulsifying agents in most 
cases either decreased the effectiveness of the 
insecticides studied, or increased it* Group I of 
Table II containing the sulfonated aryl compounds and 
sulfonated ether appeared to be most efficient in raising 
the insecticidal value of both the thiocyanates and 
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pyrethrum spray, as shown in Table XI- A, closely 
allied compound, sulfonated aryl amine, decreased the 
effectiveness of the thiocyanate, Lethane- Sodium 
oleyl sulfate, of Group II, decreased the effectiveness 
of pyrethrum and one thiocyanate, Lethane, and increased 
the other, Loro,. Soap was effective with pyrethrum but 
not with the thiocyanate, Loro- Red Arrowwas improved 
by the addition of the hydrocarbon. The thiocyanates 
differ, the value of Lethane increased while that of 
Loro decreased, with the hydrocarbon. 
The results in Table X show that as insecticides, 
wetting agents are of relatively little value- However, 
when added to insecticides they do change the effectiveness 
of the material, as is shown in Table XII* 
With Lethane 440, Wet Areskap and Penetrol gave 
best results, Imraersol, though slightly inferior, for 
practical purposes was about the same- Both Lethane 
Spreader and SS-3 appeared to lower the efficiency of 
Lethane 440- 
With Loro, Wet Areskap appeared to be the most 
effective, although Immersol was a close second, and SS-3 
next, Penetrol and Ultrawet appear to be inefficient as 
wetting agents when used with Loro* 
With Red Arrow, Penetrol ranked first* Wet 
Areskap, Immersol, and Red A Soap increased the 
efficiency of the insecticide* SS-3 and IN 438 both 
reduced the effect of Red Arrow as an insecticide. 
Tests with Five Species of Mealybugs 
The tests of various insecticides and their combi¬ 
nations were carried out on mixed cultures of mealybugs, 
including Pseudococcus citri (Risso) and Fhenacoccus 
gossypii Towns* & Ckll. as the most abundant, and 
Pseudococcus adonldum (L*) and Pseudococcus maritimus 
(Ehrh*) occasionally present in small numbers* A study 
was made to determine the effect of the six most 
promising insecticides in combination with wetting, 
spreading, and emulsifying agents on each species of 
mealybug* As Pseudococcus nipae (Mask*) is present in 
the greenhouse at Massachusetts State College, this was 
also used in the experiment* A comparison of the 
relative efficiency of these insecticidal combinations 
on each species of insect is brought out in Table XIII* 
The best control is indicated by 1, the poorest by 6* 
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Sea-Em-Die plus the emulsifying agent, Emulphor 
AD Oil-Soluble, ranks first in effectiveness on all 
five species* 
Lethane 440 plus Penetrol ranks second with all 
species except Phenacoccus gossypii Towns. & Ckll., with 
which it is fourth* 
Loro plus Wet Areskap, and Lethane plus Wet Areskap, 
are about equal in effectiveness* 
Red Arrow with Penetrol, and Cedoflora plus Wet 
Areskap rank fifth and sixth, respectively, with all the 
species* 
Tests were made to determine the actual efficiency 
of the six most promising insecticidal combinations on 
each of the five species, and also the susceptibility of 
each species to these sprays* One hundred percent 
mortality indicates maximum efficiency of the insecticidal 
combination or extreme susceptibility of the insect, 
whereas a low percentage indicates inefficiency or 
resistance* The experiment gave the following results 
as to effectiveness of the insecticides (Table XIV)* 
Pseudococcus adonidum (L.)* 
Sea-Em-Die plus Emulphor AD Oil-Soluble, Lethane 
plus Penetrol, and Loro plus Wet Areskap are about equal 
in performance* Lethane plus Wet Areskap was slightly 
inferior. Red Arrow was sufficiently inefficient so 
that it could not bo considered a means of commercial 
control* Cedoflora failed to kill any of the insects* 
Pseudocoecus citri (Risso)* 
Sea-Em-Die plus Emulphor AD Oil-Soluble was very 
efficient* All others were unsatisfactory* 
Pseudococcus maritimus (Ehrh*). 
Lethane plus Penetrol, and Sea-Em-Die plus Emulphor 
AD Oil-Soluble were effective, with the latter being 
the more toxic* All others werev inefficient* 
Pseudococcus nipae (Mask*)* 
All materials, except Cedoflora, tested were most 
effective against this species* 
Phenacoccus gossypii Towns* & Ckll* 
Sea-Em-Die plus Emulphor AD Oil-Soluble is the only 
insecticide that is very effective against this species* 
Loro plus Wet Areskap might check a light infestation* 
All other materials which were tested proved to be some¬ 
what lacking in toxicity* 
In summarizing, Table XV shows two things - those 
spray combinations which can and cannot be efficiently 
used on each species, and the relative efficiency of the 
insecticides. 
The results as to susceptibility of the different 
species to the toxic effect of the insecticides follow* 
Pseudocoecus nipae (Mask*) is the most susceptible in 
all cases* Cedoflora, the insecticide which gave the 
lowest percent kill with each species, killed 72*92 
percent of this species* Pseudococcus citri (Risso) 
appears by far the most resistant of the five species* 
Arranged in order of the relative susceptibility 
to the insecticidal combinations, from most susceptible 
t 
to the least, are: 
Pseudo coccus nipae (Mask*) 
V 
P* adonidum (L.) 
Phenacoccus gossypii Towns. & Ckll.) of about 
) equal 
Pseudococcus maritimus (Ehrh*) ) susceptibility 
P* citri (Risso) 
It is difficult to say whether the results above 
are due to the inherent resistance of the mealybugs, or 
to the toxicity of the insecticides* 3oth factors may 
be involved. 
Repellency of Cedoflora 
Preliminary tests with Cedoflora did not give 
promising results* Since a commercial grower was very 
much interested in this material, further tests were 
made* After several experiments were completed it was 
quite apparent that the number of insects present at the 
time of each observation was always fewer than at the 
time of the preceding observation* See Table III* 
An experiment was carried out to determine the cause of 
this decrease* A coleus plant, heavily infested with 
all stages of mealybugs, was selected and taken to a 
room in which there ware no insects* A heavy piece of 
cardboard with white paper tacked on it was tightly 
fitted around the base of the plant and extended beyond 
the limits of the branches* The plant was so thoroughly 
sprayed with Cedoflora 1^25 that every part was soaked 
and the spray actually dripped off* Observations were 
made at the end of 24, 48, and 72 hours* The results 
followt 
Time Number of insects on the 
__Cardboard and Table_ 
84 hours 345 (29 adults, 316 young) 
48 hours 177 (14 adults, 163 young) 
72 hours 33 
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A total of 555 insects left the plant in 72 hours* 
Among these were all stages, from adults about to ovi¬ 
posit to the very smallest* 
The insects on five leaves were counted at the 
end of 24 hours, and 74 out of 80 (92*50 percent) were 
dead* An observation at 48 hours on five more leaves 
showed 57 out of 68 (83*82 percent) dead* In all 
other experiments with Cedoflora the mortality as taken 
was lower and if this plant had received similar spray 
treatment it is probable that the result above would have 
been lower* 
Twenty days after spraying, eight empty male pupal 
cases and three adult females with their egg cases were 
found under the white paper* The young had hatched in 
one case and were normal and active* 
As this work was not carried out under greenhouse 
conditions, another experiment was set up in a greenhouse* 
Three cuttings were taken from gardenias and the cut ends 
put through a piece of cardboard and set in jars of 
water* One cutting was heavily infested with mealybugs* 
The other two were entirely clean* These were set on a 
bench away from other material and the infested cutting 
sprayed with Cedoflora 1:25* Forty-eight hours later 
eight mealybugs had found their way to one of the clean 
cuttings. 
The results in all cases clearly indicate that 
Cedoflora, while having some insecticidal value as a 
killing agent, largely acts as a repellent to mealybugs* 
The percentages of mortality indicated in Table III 
actually have no value as such in all experiments with 
this insecticide. 
Discussion 
Of all the insecticides used, Lethane and Sea-Em-Die 
seemed to possess the best spreading and wetting powers 
on the waxy covering of the insect* With Sea-Em-Die the 
wax seems to dissolve immediately and within a few 
minutes the insect is dead* 
The effect of the various insecticides and their 
combinations upon the eggs were carefully checked* In 
most cases the eggs hatched after being sprayed* 
Lethane 440 and Loro, with their various combinations, 
caused some of the outside eggs to shrivel and dry, but 
usually the inner eggs hatched* Red Arrow and all of 
its combinations showed no checking of ovicidal activity* 
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Sea-Em-Die is the only insecticide used which very 
definitely penetrated the eggs and checked development. 
Even when Sea-Em-Die was washed off fifteen minutes 
after being applied, many of the eggs were killed. 
Red Arrow was the only insecticide which caused 
the mealybugs to drop off the plant in great numbers * 
This was noticeable in all treatments with Red Arrow, 
and was probably due to paralysis* 
This project has clearly demonstrated that 
materials when tested do not always meet the manufac¬ 
turer*^ specifications* 
The proprietary insecticides which were used in 
this work and recommended by the manufacturers for 
mealybug control arer 
Le thane 440 
Loro 
Cubor 
Roticide 
Red Arrow 
Sea-Em-Die 
NicoRote 
Foliafume 
Rototox 
Seagreen 
Cedoflora 
Of these eleven, only four are of any real value 
as killing agents for the mealybugs* Lethane 440* 
Loro, Red Arrow, and Sea-Em-Die are worthy of recommend* 
ation. Cedoflora does have insecticidal value, but is 
not as effective as the others* Cubor, Rotecide, 
NicoRote, Foliafurae, Rototox, and Seagreen have 
proved no more effective than a good application of 
water* 
Sea-Em-Die used full strength gave excellent 
results on eggs, nymphs, and adults, and fully came within 
the manufacturers recommendations* However, it was found 
possible to emulsify this with Snulphor AD Oil-Soluble, 
thereby cutting down on the possibility of plant injury 
and also the expense of material and equipments This 
insecticide is composed of a number of essential oils to 
which pyrethrum has been added* Whether it is the 
essential oils or the pyrethrum, or the combination, that 
* W 
is effective on the mealybugs is a question* Due to the 
way in which the wax is penetrated, it would seem to be 
the oils that are particularly effective* Possibly this 
is somewhat similar to the impregnated oil emulsion of 
pyrethrum soap or pyrethrum spray which Britton (1933) 
found controlled Pseudococcus citri (Risso) on Araucaria* 
It is advisable to apply Sea-Em-Die as a mist much as 
Deo-Base - a petroleum distillate plus pyrethrum - was 
applied and gave a high percentage of kill on Pseudo¬ 
coccus comstocki and Pseudococcus cltri (Risso) by 
Ginsburg and others (1933)* Sea-Em-Die produced control 
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of Pseudococcus adonidum (L*-)> P. citri (Risso), P* 
marltimus (Ehrh*), P* nipae (Mask*), and Phenacoccus 
gossypii Towns* & Ckll. 
The thiocyanates were second in rank to Sea-Em- 
Die« They were found 100 percent effective on 
Pseudococcus nipae (Mask*)* 
Lethane 440 1:250 plus Penetrol 1:200 was second 
to Sea-Em-Die in effectiveness on Pseudococcus adonidum 
(L*), P. citri (Risso), and P. maritimus (Ehrh*)* 
Lethane 440 1:250 plus Wet Areskap 1:200 was 
effective on Pseudococcus adonidum (L*) and more effective 
on Phenacoecus gossypii Towns. & Ckll. than the Penetrol 
combination* Phenacoccus gossypii Towns* & Ckll. was 
also more susceptible to the Wet Areskap combination 
than was Pseudococcus citri (Risso). 
Loro 1:800 plus Wet Areskap 1:200 had about the same 
toxic effect on Pseudococcus adonidum (L*) as did 
Lethane plus Penetrol, and ranked second to Sea-Em-Die 
on Phenacoecus gossypii Towns* & Ckll* 
Richardson (1935) reported that lauryl and other 
thiocyanates killed a high percentage of the eggs, had 
high contact action, and exerted residual toxic action. 
The work done on this problem has somewhat verified the 
above statements, as a high percentage of insects were 
killed and with the dilute concentrations of Loro a 
residual toxic effect was observed* A majority of 
eggs were killed but sufficient survival occurred to 
permit considerable infestation* 
Murphy and Feet (1933) found the aliphatic thio¬ 
cyanates highly effective on Pseudococcus citri (Rissa)* 
and combined with Penetrol definite ovicidal activity 
was produced* The thiocyanates used in this project 
killed many of the eggs but in no case would it be 
possible to indicate the percentage of mortality* 
The thiocyanates were found to be superior to 
nicotine, rotenone, nicotine and rotenone, and rotenone 
and pyrethrum combinations in their Effect on Pseudo- 
coccus adonldum (L*), P* citfri (Risso), P* maritimus 
(Ehrh*), and Phenacoccus gosaypil Towns# & Ckll* This 
somewhat corroborates the work of Neiswander (1935b) 
who proved Lethane 420 superior to nicotine sulfate 
1:400 and soap 1:250, Rotenone 1 percent (1:200) and 
Penetrol 1:200 and Verdol 1:100* Pyrethrum as Red 
Arrow gave most promising results on mixed cultures, but 
at no time was there any indication of its affecting 
the egg hatch* When used 2*5:100 with Penetrol 1:200 
on the various species, it was found to rank below 
thiocyanates in actual effectiveness on all species 
except Pseudococcus nlpae (Mask*)* It ranks first, 
along with Sea-Em-Die and the thiocyanates, in pro¬ 
ducing 100 percent mortality of Pseudococcus nipae 
(Mask-) - The majority of insects in the work on mixed 
cultures were immature, which can account for the 
difference in results stated above. In the actual 
tests on species, many of those tested were full-grown* 
This was necessary in order to obtain good comparative 
tests, since the adults have the greatest coating of 
wax and are therefore most resistant to insecticides* 
From the results of these tests, Red Arrow would not be 
a satisfactory spray for Pseudococcus citri (Risso)* 
Richardson (1932b) also concluded that pyrethrum could 
not control this species. 
However, in the mixed cultures, Red Arrow and its 
combinations with wetting, spreading and emulsifying agents 
was found more effective than nicotine, rotenone, 
nicotine and rotenone combinations, and rotenone and 
pyrethrum combinations. Richardson (1935) also 
considered pyrethrum with a.wetting agent more effective 
than nicotine on Phenacoccus gossypii Towns* & Ckll*, 
although Ginsburg (1934b) found nicotine more toxic than 
pyrethrum or rotenone* 
- 84 ~ 
Cory and Langford (1935) obtained 100 percent kill 
of the Mexican mealybug with *02 percent pyrethrurns in 
combinations with the sulfonated alcohols, *05 percent 
sodium lauryl sulfate, and *05 percent sodium oleyl 
sulfate special. In the work done with pyrethrum as 
Red Arrow, combinations with IN 438, a special composi¬ 
tion of sodium eleyl sulfate and SS-3, sodium oleyl 
sulfate with a synthetic plastic resinous material were 
used* These both reduced the effectiveness of the 
pyrethrum* 
Nicotine, while not found highly toxic to mealybugs, 
did give a higher percentage of mortality on mixed 
cultures than rotenone (as found by Ginsburg, 1934a), 
nicotine and rotenone combinations, and rotenone and 
pyrethrum combinations* 
Davidson (1930a) found aqueous suspensions of 
rotenone were not effective against Pseudococcus citrl 
(Risso)* In the present work, Kubatox containing not 
more than 31*2 percent acetone and 17*2 percent water, 
and Rotecide containing 33 percent alcohol and 28 percent 
water, were ineffective in controlling the mixed cultures 
e 
of mealybugs* 
A few years ago several compounds were introduced as 
new wetting agents* Ginsburg (1935) and Tisdale (1935) 
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reported sulfated higher alcohols as spreading and 
wetting agents * SS-3, sodium oleyl sulfate with a 
synthetic plastic resinous material was found to 
increase the effectiveness of Loro on mixed cultures 
of mealybugs * Other agents, as sulfonated aryl 
compound, Wet Areskap, and a sulfonated ether, Immersol* 
increased the effectiveness of the thiocyanates, Lethane 
440, Loro, and the pyre thrum, Red Arrow. The hydro¬ 
carbon, Penetrol, increased the efficiency of Lethane 
440 and of Red Arrow. 
From the results of the work on insecticides used 
in this project, a comparison of the various groups may 
be made. Arranged in order of effectiveness, from 
least to most effective, they are: 
Rotenones 
Rotenone and pyrethrum combinations 
Nicotine and pyrethrum combinations 
? Cedogen 
Nicotine 
Pyrethrum 
Thiocyanates 
Pyrethrum as Sea-Em-Die 
It is interesting that a somewhat similar con¬ 
clusion was made by Richardson (1935) in his work on 
Phenacoccus gossypii Towns* & Ckll. He listed soaps, 
nicotine, pyrethrum or derris, organic thiocyanates, 
and 10 percent kerosene emulsion. Can the oil in 
3ea-Em-Die be somewhat of the nature of the 10 percent 
kerosene emulsion? Work at Purdue (Anonymous 1933) 
showed poor control of the Mexican and common mealybug 
with nicotine, pyrethrum, and derris. 
Summary 
The work on insecticides and wetting, spreading, 
and emulsifying agents, has brought out the following 
factsr 
1. Two major groups of insecticides are particularly 
effective against mealybugs - the thiocyanates and 
pyrethrums. The thiocyanates include Lethane and Loro; 
the pyrethrums, Red Arrow and Sea-Em-Die. 
2. Sea-Em-Die ranks first as to actually killing 
the insects and penetrating the eggs. It has great 
penetrating, wetting, and spreading powers, and acts 
quickly. 
3* The time period at which maximum effectiveness 
was reached varies with different insecticides, 
dilutions, and combinations, (a) The more dilute the 
solution of Loro, the longer time required to reach its 
maximum effect. (h) Pyrethrum as Red Arrow was found 
most effective seventy-two hours after application. 
4. The effectiveness of an insecticide can be 
increased and decreased by the addition of wetting, 
spreading, and emulsifying agents. Such naturally 
depends upon the condition under which the test is made. 
5. The insecticides and their combinations which 
produced the highest percentage of mortality on mixed 
cultures of mealybugs are: 
Sea-Em-Die 16.66 plus Emulphor AD Oil-Soluble .33:100 
Lethane 440 1:250 
Lethane 440 1:250 plus Penetrol 1:200 
Lethane 440 1:050 plus Wet Areskap 1:200 
Loro 1:600 plus Immersol 1:100 
Loro 1:600 plus Wet Areskap 1:200 
Loro 1:1000 plus SS-3 1:1600 
Red Arrow 2.5:100 plus Penetrol 1:200 
Red Arrow 2.5:100 plus Immersol 1:100 
Red Arrow 2.5:100 plus Red A Soap 1:800 
Red Arrow 2.5:100 plus Wet Areskap 1:200 
6. Group I containing the sulfonated aryl com¬ 
pounds and sulfonated ether appeared to be most 
efficient in raising the insecticidal value of both 
the thiocyanates and the pyrethrum spray* 
7* Sodium oleyl sulfate, soap, and a hydrocarbon 
increased the effectiveness of some insecticides and 
decreased the effectiveness of others* 
8* The wetting, spreading, and emulsifying agents 
used are of relatively little value as insecticides. 
9* & comparison of the relative efficiency of 
insecticidal combinations on the five species of mealy¬ 
bugs showed the insecticides to rank, from most 
effective to least, as follows: 
Sea-Em-Die 15:100 plus Emulphor AD Oil-Soluble 2:100 
Lethane 440 1:250 plus Penetrol 1:200 
Ranked second with all species except 
Pseudocoecus gossypii Towns* & Ckll. 
with which it was fourth 
Loro 1:800 plus Wet Areskap 1:200 ) 
) Co-equal 
Lethane 440 1:250 plus Wet Areskap 1:200 ) 
Red Arrow 2*5:100 plus Penetrol 1:200 
Cedoflora 1:25 plus Wet Areskap 1:200 
10* Cedoflora, while having toxic insecticidal 
characteristics, is chiefly a repellent to mealybugs* 
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11. Preliminary tests showed the following to be 
ineffective for mealybug control: 
Nicotine - Black Leaf 40 
Rotenones - Cubor, Derrisol, Kubatox, Rotecide 
Nicotine and rotenone combination - NicoRote 
Rotenone and pyrethrum combinations - Foliafume* 
Pyrosoy, Rototox, Seagreen 
12. Mealybugs varied in their susceptibility to 
the toxicity of the insecticides* In order of most 
susceptible to the least they are: 
Pseudococcus nipae (Mask*) 
P* adonidum (L*) 
Phenacoccus gossypil Towns* & Ckll*) of about 
) equal 
Pseudococcus maritimus (Ehrh*) ) susceptibility 
P* citri (Risso) 
PLANT INJURY 
The insecticidal work with Loro produced 
interesting results in regard to injury of coleus 
plants* These were brought about as follows* 
Loro at dilutions of 1:100 and 1:600, in combi¬ 
nation with Xmmersol 1:200, SS-3 1:1600, and Wet 
Areskap 1:200, was applied on mealybug infested coleus 
plants* Check plants were also sprayed with the 
wetting, spreading, and emulsifying agents* All 
plants were kept in the greenhouse under the same con¬ 
ditions of temperature and humidity, with the exception 
of three, which were sprayed a day ahead of the other 
eight* There was a difference in the temperature and 
humidity at the time of spraying, as may be seen on 
Graph II A* The time of application and physical 
condition of the greenhouse at the start of this experi¬ 
ment are recorded as follows* All photographs were 
taken on January 9, 1937* 
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Photographs (Figs* 1,2) wore taken to aid in 
bringing out the various comparisons* For convenience, 
the plants have been labelled as follows: 
Fig* 1 - Plants sprayed with insecticides. 
A, C, E - Loro 1:100 combinations 
B, D, F - Loro 1:600 combinations 
Fig* 2 - Check plants. 
ArB* - check for A and B 
C'D* - check for C and D 
E*F' - check for E and F 
X - check for all except T 
Y - check for all 
Loro 1:100 plus wetting, spreading, and emulsifying 
agents (Fig* 1, A,C,E) shows decided injury* Plant C 
was dead two days after the spray was applied; A and E 
lost most of their leaves, but finally recovered. The 
respective check plants (Fig* 2, A^*, C,DI>, E'F') 
showed no injury* 
Loro 1:600 with its combinations (Fig* 1, B,D,F) 
was much safer on the plant than the 1:100 combinations 
(Fig. 1, A,C,E)* Slight injury was produced by Loro 
Fig* 1 
Plants sprayed with Loro at dilutions of 
1:100 and 1:600 in combination with Immersol, 
SS-3, and Wet Areskap* 
A - Loro 1:100 plus Wet Areskap 1:200 
B * Loro 1:600 plus Wet Areskap 1:200 
C - Loro 1:10.0 plus SS-3 1:1600 
D - Loro 1:600 plus SS-3 1:1600 
E - Loro 1:100 plus Immersol 1:100 
F - Loro 1:600 plus Immersol 1:100 
Fig* 2 
Check plants for those in Fig. 1* 
A'B* - Wet Areskap 1:200 
E*Ff - Immersol 1:100 
0*0* - SS~3 1:1600 
X - Water 
T - Untreated 
Fig* 1 
AfB* E*F* C*Dr 
1:600 with Wet Areskap (Fig* 1, B) as a few top leaves 
withered and dropped* A few young leaves and an 
- 
occasional older leaf (Fig* 1, F) of plants treated with 
Loro 1:500 plus Immersol 1:100 withered, browned at the 
base, and dropped* However, the injury on both of 
these plants was slight. 
The check plants in all cases, those with the 
emulsifying, spreading, and wetting agents (Fig* 2, 
A'B», CD', F,F,)» that with water (Fig. 2, X), and the 
untreated plant (Fig* 2, Y), were normal healthy plants, 
showing no indication of the treatment they had received* 
This study clearly demonstrates that the various 
combinations with Loro 1:100 produced injury, while with 
Loro 1:600 but slight injury* All plants sprayed with 
Loro 1:100 were under the same conditions of temperature 
and humidity throughout* All check plants except those 
with SS-3 1:1600 and water (Fig* 2, C’D', X) which 
were sprayed a day earlier when the relative humidity 
was 9 percent lower, were under the same physical con¬ 
ditions* Xn no case did the check plants show injury 
and as factors of temperature and humidity can be elimi¬ 
nated, injury seems to be due to the amount of Loro used. 
Loro 1:600 with all combinations except SS-3 were 
carried on under the same physical conditions* With 
SS~3 it was applied at a relative humidity 9 percent 
lower than the rest, and no injury was observed* At 
a relative humidity 9 percent higher and at the same 
dilution with Wet Areskap and with Immersol, a slight 
injury occurred* Whether this was due to the combi¬ 
nations or to the humidity is questionable, since the 
checks under the same conditions showed no effects* 
The 1:600 dilution seemed to be just on the border-line 
as to safety* 
From this experiment it was deemed advisable to 
use Loro at a dilution of 1:800, where the margin of 
safety was very wide* In no case in later experiments 
was injury produced by dilutions greater than 1:600* 
The insecticidal combinations which proved most 
efficient were sprayed on four different plants which 
are common host plants for mealybugs* The plants used 
were full-grown Coelus, medium-si zed geraniums, year-old 
Gardenia, and chrysanthemums approximately one foot in 
height-* Records were kept for one month* Whenever 
any injury resulted, the leaves appeared speckled yellow 
here and there* Finally, if severely burned, the leaves 
would darken at the tips, wilt, and eventually drop 
off* This study showed that not one of the insecti¬ 
cides plus the wetting, spreading, or emulsifying 
agent which was found effective on mealybugs can be 
used on all four plants, Chrysanthemum, Coleus, Gardenia 
and Geranium, because of injury* 
Table XVI shows the results for the different 
plants to be as follows: 
Chrys an themum * 
Of all the insecticides used, Red Arrow plus 
Penetrol was safest on this plant* Slight injury 
resulted when Loro plus Wet Areskap, and Lethane plus 
Penetrol were used* Definite injury was produced by 
Lethane plus Wet Areskap, Sea-Em-Die plus Emulphor AD 
Oil-Soluble, and Cedoflora plus Wet Areskap. At the 
end of a month, all appeared to have recovered from any 
injury* 
Coleus * 
No injury with any of the combinations. 
Gardenia* 
Sea-Em-Die plus Emulphor AD Oil-Soluble was the 
only material used that did not produce injury* A 
month after spraying, four of the plants that had 
blossomed were missing - had been removed by workmen 
so no observations could be taken- The one treated 
with Red Arrow plus Penetrol had recovered from the 
slight injury and showed new growth* Injury from 
Cedoflora plus Wet Areskap was still evident* 
Geranium* 
Lethane plus Penetrol does not produce injury. 
Sea-Em-Die plus Emulphor AD Oil-Soluble, and Red Arrow 
plus Penetrol caused slight injury, while all others 
produced more severe injury* All had blossomed during 
the month, and at the end of the period the plant * 
treated with Lethane plus Wet Areskap was the only one 
with any signs of injury. The leaves on this were 
yellow8d* 
Coleus was the most resistant to injury by the 
insecticidal combinations used* The only treatment 
that did not injure Chrysanthemum was that of Red Arrow 
plus Penetrol- Gardenia was susceptible to injury by 
all but Sea-Em-Die plus Emulphor AD Oil-Soluble* 
Geranium could only safely be sprayed with Lethane 
plus Penetrol. 
TEMPERATURE AND HUMIDITY EFFECTS 
The facilities in the greenhouse at Fernald Hall, 
Massachusetts State College, are inadequate for the 
maintenance of a constant temperature and humidity. 
There is considerable variation in both of these factors 
during the twenty-four hour period* The highest 
temperature is at approximately 2:00 p.m., while the 
lowest is from 6:00 - 7:00 a.m* Greatest humidity was 
usually from 8:00 - 10:00 a*m*, at the time the green¬ 
house was watered, and the minimum was reached around 
2:00 p.m*, when the temperature was at a maximum* 
Records were kept during the time of most of the experi¬ 
mental work, and are charted on Graphs 1A and IB for the 
entire period, and on Graphs IIA, II B, and IIC for the 
actual days definite experiments were carried out. 
Lethane 440 alone and with the various wetting and 
spreading agents was applied between 9:00 - 10:00 a.m* 
on April 21st. All were thus under the same conditions 
of temperature and humidity. On Graph II B the tempera¬ 
ture is seen to be 60° F* and relative humidity 52 percent 
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at the time of application. During the first 
twenty-four hours the temperature dropped to 48° F. 
but greatest variations were on April 23rd* when the 
temperature rose to 85° F. and relative humidity 
dropped to 40 percent. During the night a drop in 
temperature of 48° occurred, and a rise of 20 percent 
in relative humidity. On April 24th, Graph II G, 
the peaks were 76° F. and 27 percent relative humidity. 
The plants were not injured. All applications were 
effective and the variations of temperature and 
humidity were in no way indicated by the action of the 
insecticidal combinations. Lethane 440 plus SS-3 
steadily increased in efficiency during the seventy- 
two hour period. The others either attained their 
maximum effect during the first twenty-four hours, or 
the forty-eight hour period. 
Under exactly the same physical conditions, 
experiments were carried on with dilutions of Loro 
1:800 plus Penetrol 1;200 and SS-3 1:1600, and Loro 
1:1000 plus SS-3 1:1600. The combinations with SS*3 
were much quicker in attaining maximum effectiveness 
than the one with Penetrol, which gradually increased the 
mortality from 25.76 percent to 84 percent during the 
twenty-four to seventy-two hour period* The tempera¬ 
ture and humidity variations that occurred did not 
seem to affect the toxic activity of the insecticides. 
No injury developed on the plants. This also brings 
out a basis for comparison of Lethane with wetting 
agents, and Loro with the corresponding agents, under 
similar physical conditions* Penetrol acts quicker 
and gives a higher kill with Lethane than the Loro 
1*800, while the reverse is true of SS-3 under similar 
conditions of temperature and humidity* 
Other tests were made with Loro 1:100 and 1:600 
with three additional agents, Immersol 1:100, SS-3 
1:1600, and ITet Areskap 1:200. Loro 1:600 plus SS-3 
1:1600, SS-3 1:1600 check, and water check, were applied 
between 11:15 and 12:00 p.m. on December 30th, when the 
temperature was 70° F. and the relative humidity 40 
percent.. All others and checks were applied from 2:15 — 
3:00 p.m. hn December 31st, with temperature at 69° F. 
and relative humidity of 51 percent. The humidity 
throughout the experiments did not vary to any great 
extent. The temperature dropped to 61° F. on the 30th, 
and then increased to 81° F. on the morning of the 31st, 
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then it dropped to 67° F* and for the next twenty-four 
hours did not go above 80° F* and gradually dropped to 
51° F* on January 2nd* Thus the greatest extreme in 
the physical factors was the 30° change in temperature* 
However, during this time definite injury appeared 
on plants sprayed with Loro 1:100 combinations* The 
1:600 combinations produced very slight injury with 
Wet Areskap and Immersol, and none with SS-3. In no 
case was there any sign of injury from the check 
applications* Eliminating checks, and the physical 
factor of humidity, the amount of Loro, perhaps increased 
in its action by the 30° temperature change, was the 
factor determining the injury to the plants* The SS-3 
combination with Loro 1:600 was under much the same 
conditions as the others, except an 8° F* drop in 
temperature at first, and then a gradual increase of 
20°* The others had a temperature of about 68° F* for 
twenty-five hours after application* Whether this 
slight difference in physical factors could cause a 
* 
difference in plant injury is questionable* 
The pyrethrum spray, Red Arrow, and all its combi¬ 
nations with wetting, spreading, and emulsifying agents, 
were applied between 7:45 and 8:30 a*m* on April 30th, 
101 ~ 
under similar conditions of temperature and humidity* 
Thus a good comparison of the relative values of the 
different combinations was made possible. Graph II C 
shows extreme daily variations in temperature and 
relative humidity during these experiments* At the 
time of application the temperature was 78° F., relative 
humidity 50 percent* During the three days the tempera¬ 
ture showed variations from 88° - 46° - 89° - 58° - 86°, 
and the relative humidity ranged from 30 - 59 - 29 - 64 - 
23 percent* These variations were the greatest recorded 
during the experimental work* Hone of the plants was 
injured. There was a gradual increase in effectiveness 
during the seventy-two hours following the application 
of combinations of Red Arrow with Red A Soap and IN 438* 
Checks with Immersol and IN 438 were recorded under 
exactly the same conditions. Immersol with Red Arrow 
seemed to retard the toxic effect upon the insects during 
the first twenty-four hours, whereas IN 438 with Red 
Arrow acted very slowly and showed no great effect until 
the seventy-two hour reading was taken* Red Arrow alone 
gave a much higher kill in twenty-four hours than either 
of these, and attained the maximum in forty-eight to 
seventy-two hours. Immersol and IN 438 alone produced 
the highest kill in forty-eight hours, under similar 
conditions* Therefore, it seems reasonable to believe 
that the chemical nature of the combination had more to 
do with the results than the effect of temperature and 
humidity* Under extreme variations, Red Arrow and its 
combinations was effective in killing mealybugs, and 
caused no injury to the coleus plants. 
Sea-Era-Die was used full strength, between 3:00 
and 4:00 p.m* on December 29th, when the temperature was 
o 
80 F* and the humidity 36 percent* Graph II A shows 
there was no great variation in either physical factor 
during the next twenty-four hours, at which time a 
count was made, finding all insects dead and the plant 
injured* 
From 3:00 - 4:00 p.m. on April 14th, Sea-Em-Die 
plus Emulphor AD Oil-Soluble at different dilutions was 
applied on mealybug-infested plants* Graph II B shows 
conditions of 75° F* temperature and relative humidity 
46 percent at this time, and during the next twenty- 
four hours the temperature gradually dropped to 66° F. 
and the relative humidity increased to 63 percent. Thus, 
under lower temperature and higher humidity the same 
results were obtained with a dilution of Sea-Em-Die plus 
Emulphor AD Oil-Soluble *12:100, as with Sea-Em-Die used 
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alone on December 29th* The bum, therefore, 
seemed to be due to the Sea-Bra-Die rather than to the 
physical conditions of the greenhouse at the time of 
application* 
As has been explained previously, Sea-Em-Me was 
✓ 
emulsified with various agents, only three of which 
were promising* This insecticide \vith the three 
emulsifying agents - Emulphor AD Oil-Soluble, Penetrol, 
and SS~3 - was applied on April 16th* All were under 
exactly the same condition of temperature and humidity 
as shown on Graph II B* Comparing similar dilutions, 
the Emulphor AD Oil-Soluble combination seemed superior* 
Many of the insecticides which were found to be 
ineffective for mealybug control were experimented with 
under the same conditions as many of the effective 
f 
insecticides*. The following list explains this. 
bimilar physical conditions of temperature and humidity 
obtained* 
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Ineffective Date Effective Graphs 
Cubor 18/30 Loro 1:600 plus 
SS-3 1:1600 
II A 
Rototox 18/30 Loro 1:600 plus 
SS-3 1:1600 
II A 
Seagreen 18/30 Loro 1:600 plus 
SS-3 1:1600 
II A 
Foliafume 18/89 Sea-Em-Die II 4 
NicoRote plus 
Immersol 
18/31 Loro 1:600 and 1:100 
plus combinations 
II A 
NicoRote plus 
Wet Areskap 
18/31 Loro 1:600 and 1:100 
plus combinations 
II A 
Rotecide 4/83 Day after Lethane II C 
combinations applied 
Foliafume 1:500 was tried under two different sets 
of conditions, with approximately the same inefficient, 
results, December 29th, Graph II A and January 27th, 
Graph II B* The relative humidity was, on the average, 
c 
higher on January 27th* 
NicoRote and its combinations were also tried at 
different times, first on December 31st, Graph II A, and 
later April 22nd, Graphs II B and II C* In December 
the average temperature was 70° F. and relative humidity 
48 percent, but in April there were great variations 
ranging from 85° - 37° F* in temperature, and 70 - 27 
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percent relative humidity- All gave a very low 
mortality in April- In December, under more even 
conditions, the NicoRote plus Immersol was slightly 
higher in effectiveness, but with Wet Areskap there 
was scarcely any difference* 
Briefly the temperature and humidity recordings 
were of value in that under the known factors, the 
following have been made: 
1. Determination of relative values of wetting, 
spreading, and emulsifying agents in combination with 
an insecticide- 
2- Comparisons of insecticides and their combinations 
with those of other insecticides under similar physical 
conditions. 
3- Comparison of the effectiveness of insecticides 
under different conditions of temperature and humidity. 
BIOLOGICAL CONTROL 
Biological control was not carried on as exten¬ 
sively as the work with insecticides, for two reasons* 
In order to maintain itself, a parasite or predator 
must have a large population of host material always 
on hand* If mealybugs are scattered, there is a 
chance they may not be found and by the time they have 
become quite numerous, the parasites or predators may 
have died. If a heavy infestation is present, either 
an extremely large number of predators or parasites 
must be liberated to bring it under control at once, or 
the chance of losing plants becomes greater during the 
tim6 these insects are becoming established* 
Two different insects were studied for the biolo- 
gical control of mealybugs, - Cryptolaemus montrouzieri 
Muls*, a predacious lady bird beetle introduced from 
Australia, and Leptomastidea abnormis Gir., a hymenop- 
terous parasite introduced from Sicily* 
About twenty specimens of Cryptolaemus montrouzieri 
Mu&s* were received on October 12, 1931, and placed on 
mealybug-infested plants in a screened cage the next day* 
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This colony became established and several generations 
were reared* The temperature fluctuated from 45° - 
104° F* with an average of 70° - 80° F* The egg- 
stage ranged from 5 to 6 days. Pupation occurred 
30 days after hatching, and 13 days later the adult 
emerged. If an abundance of food was not available, 
the beetles fed on their own larvae* It was 
necessary, from time to time, to introduce infested 
coleus plants in the cage with the beetles* In all 
cases the mealybugs were eradicated* 
The number of beetles was reduced to three larvae 
by May 1, 1932, so further checking was discontinued. 
The older beetles had died, the egg hatch was not 
enough to greatly increase the population, and the 
larvae, through cannibalism, further decreased the number. 
Whitcomb and Garland (1936) have shown that the 
optimum temperature and humidity for Cryptolaemus to be 
most effective is also very favorable for the mealybug 
to increase. A temperature of 70° - 80° F., the average 
maintained during the above study, is most favorable for 
both mealybugs and predators. 
According to investigations of other workers it is 
evident that Cryptolaemus is not equally effective on 
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all species of mealybugs.- Smith and Armitage (1931) 
report this predator to be effective against Pseudococcus 
adonidum (L.), while Clancy (1933) states that it refuses 
to attack this species. 
In October 1935 a few specimens of Leptomastidea 
abnormis Gir* were liberated in a cage with plants 
infested with a mixed culture of mealybugs, the majority 
being Pseudococcus citri (Risso)- These parasites 
became established, and while mealybugs were definitely 
killed by them, at no time was there any appreciable 
reduction in the number of hosts observed. At the end 
of 7 months the parasites were set free in the greenhouse 
and were still present two years later. During the fall 
of 1936 several parasitized mealybugs were observed, but 
during the spring of 1937 the number of parasitized 
insects was greatly reduced, although the infestation of 
mealybugs was on the increase. 
Leptomastidea is almost specific on Pseudococcus 
9Atri (Risso), so this method is not entirely sound for 
a greenhouse with mixed cultures of mealybugs. 
From the observations made with parasites and 
predators, the biological control of mealybugs does not 
seem practical becauser 
1. The average greenhouse owner must have a means 
of checking an insect pest* almost immediately in order 
to prevent loss of valuable plants* The establishment 
of parasites and predators requires some time* 
2* The parasite is specific for certain species of 
mealybugs* An infestation in a greenhouse with mixed 
cultures might not be absolutely checked. 
3* Parasites and predators must be purchased and 
would be impractical for use to eliminate a few 
mealybugs, as are occasionally found on a plant* 
COMMERCIAL TESTS OF INSECTICIDES 
Preliminary Tests 
After considerable experimental work had been done, 
it was found possible to carry out experiments in a 
commercial greenhouse, through the kindness of a nearby 
grower* He had experienced considerable difficulty 
with Pseudo coccus cltri (Risso) on gardenias, and offered 
the use of infested material for experimental work* 
This work was started in March 1937* 
were of the Hadley variety* 
All the gardenias 
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Two benches, each about 55 feet in length, were 
set aside and left unsyringed during the whole treat¬ 
ment* The infestation was very heavy* Large 
clusters of mealybugs, including old, young, and egg 
masses, covered as much as an inch of the bases of many 
growing tips* Scattered mealybugs were on the stems 
and main branches* A. sooty fungus on many of the 
leaves presented an unsightly display* 
Plots containing 6 to 8 plants, each of commercial 
plantings, were used* The various insecticides plus 
wetting agents which had given promising results when 
treated on a smaller scale, were mixed in two gallon 
lots and applied in two ways* One plot was sprayed 
with a small hand sprayer - one quart capacity ~ while 
a pressure sprayer which gave about 100 pounds pressure 
at the nozzle was used on the other* The insecticides 
used were Cedoflora, Lethane, Loro, and Sea-Em-Die* 
Among the wetting agents used were Wet Areskap, Immersol, 
and Emulphor AD Oil-Soluble* 
The pressure sprayer was not used with Sea-Em-Die 
because sufficient material was not available. Since 
an oily film was left on the leaves when Sea-Em-Die was 
used undiluted, an attempt was made to remove this by 
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syringing with water, 15 minutes after spraying* The 
gardenia blossoms are cut every day and an oily film 
would be unsightly and act as a catcher for dust* 
In later work, Sea-Em-Die was found to injure the 
growing tips. 
Three weeks after the different plots had been 
treated, a thorough observation of all plots showed 
that of all materials tried, the only one to produce 
definite reduction of infestation was Sea-Em-Die* 
Of the three diluted solutions used, Sea-Em-Die 25:100 
plus Emulphor AD Oil-Soluble 2*5:100 gave nearly perfect 
results, Sea-Em-Die 12*5:100 plus Emulphor AD Oil- 
Soluble 1.25:100 gave good control, and Sea-Em-Die 
6*25:100 plus Emulphor AD Oil-Soluble *337:100 only a 
fair check* These observations were confirmed by the 
manager of the greenhouse, who did not know which 
materials had been used. 
Final Tests 
«<ith this as a basis upon which to work, another 
season's trial was deemed essential in order to observe 
the effect of the insecticide upon the plants, and also 
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to determine how long an infestation would be held in 
check* It had been hoped that work could be done 
during the summer, and correlated with tests carried 
out during the winter* Careful observations of the 
mealybug infestation were made throughout the summer 
and early fall* It was not until December that the 
mealybugs began to be plentiful enough to be used for 
expe ri men ta t ion * 
On December first, two separate areas were set 
aside for control work* It seemed that possibly the 
delay in building up an infestation was due to the 
syringing (this was later proved to be true)* With 
this in mind, no further syringing was to be done in 
these areas, in order to allow the insects to multiply 
as rapidly as possible* Weekly observations were made, 
and on January 5, 1938 the first spraying was resumed* 
The areas set aside were in two different green¬ 
houses; in House No* 1, 98 feet of bench space at the 
west end, and in House No* 2, 90 feet at the east end* 
The plants in No* 1 were two years old and only lightly 
infested with mealybugs* Those in No* 2 were one year 
old and more heavily infested* Plants in both houses 
were blooming, but those in No* 2 had many more flowers 
which were cut daily* 
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Each bench was divided into five areas * Those in 
House No. 1 were 19 feet in length, except one which 
was 23 feet. In House No. 2 all were 18 feet long. 
Each plot was further divided into thirds with an average 
of 8 plants each, except in the 22 foot area, where each 
third had 9 plants. This division was made for two 
reasons: ease in counting, and allowing special treatment 
or syringing to one definite area. 
The benches were divided and treated as shown in 
this plan: 
Plan of Each Bench 
Cedoflora Lethane 1:250 Sea-Em-Die Sea-Em-Die Check 
*•2 5 plus plus plus 
Penetrol 1:200 Emulphor AD Emulphor AD 
Oil-Soluble Oil-Soluble 
25:100 15:100 
1 Plot Enlarged 
Not Syringed 
8 plants 8 plants 
Syringed Weekly 
8 plants 
The experiment was continued for five weeks, during 
which time the temperature and relative humidity were 
recorded in House No. 2, and temperature only in House 
No. 1. 
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The temperature was lowest and quite uniform 
during the night, and gradually rose to a peak during 
the day* The relative humidity was higher at night 
and during the day gradually declined to a minimum. 
Maximum temperature and minimum relative humidity 
occurred at the same time, usually between 2:00 and 
3:00 p.m* The recordings are as follows: 
House No* 1 
Temperature 
House No* 2 
Temperature 
Hu midity 
Day 
Average 
78*91° F. Maximum 
Might 
fiverage 
55*64° F* 
79*94° F- Maximum 60° F* 
39*14 percent Minimum 58 percent 
The practice of this grower has been to syringe 
the plants each week, because of the presence of 
mealybugs and the beneficial effect upon the plants* 
Because of this, one-third of each plot was syringed 
on the average of every 7-12 days* The other two- 
thirds were to be left unsyringed* This plan was 
carried out in House No* 1, but in House No * 2 each 
third assigned to he syringed was, and in addition the 
other portions occasionally received similar treatment* 
This was due to a misunderstanding on the part of some 
of the workmen* However, the comparative results were 
not greatly affected by this irregularity of treatment* 
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Four different sprays were used* Sea-Em-Die plus 
Emulphor AD Oil-Soluble at 15 and 25 percent dilutions, 
Lethane 1:250 plus Penetrol 1:200, and Cedoflora 1:25* 
All but Cedoflora were selected because they had given, 
best results on Pseudococcus citri (Risso) of any 
sprays tried in previous experimental work* Cedoflora 
was used because it has been the insecticide customarily 
applied in an attempt to control mealybugs in this 
greenhouse* The sprays were measured and mixed by the 
manager of the greenhouse* They were put in the large 
pressure sprayer and applied by two of the men who 
regularly do this work* The pressure at the nozzle was 
about 100 pounds* 
The following sprays were mixed and applied on 
January 5 th: 
Sorav Dilution 
Gallons 
Mixed 
Gallons 
Used 
Cedoflora 1 r 25 7 2 1/2 
Lethane plus 
Penetrol 
1:250 
1:200 
7 2 1/2 
^*Sea-Em-Die plus 
Emulphor AD 
Oil-Soluble 
25:100 
5 2 1/2 
-^Sea-Em-Die plus 
Emulphor AD 15:100 
5 2 1/5 
Oil-Soluble 
-* The Sea-Em-Die was emulsified with 5 percent Emulphor 
AD Oil-Soluble and then mixed with water to the 
dilutions used. 
Counts of mealybugs were made immediately before and 
after spraying* This was to determine if the spray 
removed an appreciable number of insects* The number 
washed off during the spray application was so small that 
the counts before and after did not vary to an appreciable 
extent. Counts were also made the day after spraying, 
and afterwards at weekly intervals for five weeks, then 
again two weeks later, and final counts a month later* 
A five point system of making counts was adopted* 
Each time two persons made the counts, each checking the 
other* In case of disagrement, a careful rechecking was 
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made until an agreement was reached*- Plants were 
carefully observed by examining the tops of the plants 
which were considered as any large terminal flowering 
portion*- Of these, each bud and each adjoining 
separate stem were counted, each as a separate portion 
of the plant* Each large lower stem was counted as 
one stem* Exception was made in the case of an 
occasional very small stem, which was counted as with 
the bud* A cluster of mealybugs means four or more 
individual together. 1 indicates slightly more than 
1; 2 - slightly less than 2* 
0 - no mealy bugs seen. 
- an occasional individual present. 
- mealybugs scattered here and there; no 
clusters; three-fourths of the branches 
uninfested. 
mealybugs scattered; may or may not be 
clusters; one-half of the branches uninfested. 
3 
- mealybugs generally present; three-fourths of 
the branches infested; clusters frequent and 
larger than in 2. 4 ana 
mealybugs on all branches; clusters. 
5 mealybugs on all branches; 
inch or more in length. many clusters one 
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Discussion 
The results of the various counts are tabulated in 
Tables XVII and XVIII- It was difficult, without a 
microscopic examination, to determine if the insects 
were alive or dead during the first twenty-four hours 
following the application of the spray* Since counts 
were made under greenhouse conditions, as they would 
appear to a commercial grower, the records of January 
6th are not absolutely accurate, as the insects were 
recorded as living, unless death was indicated by 
shrivelling or discoloration* 
A careful check for signs of plant injury was made* 
Injury occurred to the plants sprayed with Lethahe plus 
Penetrol* This injury appeared as circular yellow or 
brown spots one-eighth of an inch or less in diameter 
scattered over the leaves* Injury seemed more intense 
on the leaves exposed to the sun* These bums were 
still noticeable at the end of eleven weeks* Sea-Em-Die 
'' - ' / 
used full strength as a mist very definitely injured the 
bloom* The flower finally shrivelled and dried* 
The syringed areas were treated every 7-12 days, 
at the time of the customary syringing of the greenhouse*. 
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It may be noted in Tables XVIII and XVII that the 
syringed areas, in practically all cases, maintained 
a lower infestation than the unsyringed portions of 
each plot* In House No. 2 the syringed plants that 
had been sprayed with Sea-Em-Die plus Emulphor AD Oil- 
Soluble 15:100 were free from mealybugs on January 19th, 
and were still free on March 25th. The unsyringed 
parts of this plot showed a slight increase in the 
number of mealybugs. 
An interesting fact is shown in the syringed areas 
in House No. 1* The plants were syringed on January 
12th. The counts made January 19th showed a reduction 
in the number of mealybugs. A week later, January 26th, 
an increase of mealybugs was noted. The plants were 
syringed the following day and counts made February 2nd 
showed that the infestation had been reduced* 
The check plots particularly show the effect of 
syringing upon the infestation. On January 5th, in 
House No. 1, there was an even distribution of mealybugs 
throughout the check plot. The infestation was very, 
very light* On March 25th less than one-fourth of the 
branches were infested in the syringed area, while nearly 
one-half the branches in the untreated areas were 
infested* 
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In House No. 3, the infestation of the syringed 
area of the check plot was reduced from one-half of 
the branches infested to less than one-fourth of the 
branches infested. About one-fourth of the branches 
in the unsyringed portion were infested on January 5th, 
and by March 35th the infestation had increased to over 
one-half of the branches. 
From this it may be seen that syringing aids 
considerably in keeping down an infestation. 
In the following write-up, the term areas applies 
to the unsyringed portion. 
In House No. 3 the infestation on those plants 
sprayed with the two dilutions of Sea-Em-Die plus 
Emulphor AD Oil-Soluble was slightly reduced twenty-four 
hours after the application. Due to the light infesta¬ 
tion in House No* 1, it was impossible to determine a 
definite decrease in similar areas. 
One week after spraying, the following was noted. 
Sea-Em-Die plus Emulphor AD Oil-Soluble had greatly 
decreased the infestation on all four areas. Only an 
occasional mealybug was in the areas sprayed with the 
35:100 dilutions, and the 15:100 dilution in House No. 2* 
The area treated with 15:100 dilution in House No ♦ 1 
appeared entirely free from this insect. Lethane 1:250 
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plus Penetrol 1*200 showed no effect on the infestation* 
The infestation remained the same on the plants sprayed 
with Cedoflora in House No* 1, while that in House No. 2 
was slightly lower than the previous week* The mealy¬ 
bugs had increased in numbers on all check plants in 
House No* 2, except on those that had been syringed, 
which showed a decrease* 
Two weeks after the spray was applied, a further 
reduction in numbers was noted in all the areas 
treated with the Sea-Em-Die emulsion, except one in 
House No* 1 where a few insects were in the area which 
previously appeared free* The infestation was slightly 
lighter in the Lethane plus Penetrol area in House No* 1, 
but heavier in House No* 2* The Cedoflora areas were 
both more lightly infested than on the previous week. 
Mealybugs in the check area in House No. 1 were on the 
increase. 
On January 26th, three weeks after spraying, 
conditions were about the same, except that the infesta¬ 
tion was lighter on plants sprayed with Cedoflora in 
House. No. 2, and with Lethane plus Penetrol in House. 
No. 1. Plants treated with Cedoflora in House No* 1 
were more heavily infested than on January 19th. 
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Observations made on February 2nd and 9th, four 
and five weeks after spraying, showed a general 
decrease in the infestations throughout in House No. 2. 
The infestation in House No. 1 was lighter on February 
2nd, and remained constant through February 9th. There 
were changes in the physical conditions in both houses 
during this time. During the fourth week, in House No. 
1, the average temperature at night was 55*-7° F., an 
increase of 1*72° F. from 53*98° F., the average for 
the first three weeks. In House No. 2 the temperature 
during the day rose to 82.4° F., an increase of 3.97 F. 
over the average of 78.43° F. for the first three weeks. 
While there was a slight rise in the temperature to 
60.57° F. at night in House No. 1 during the fifth week, 
the infestation did not noticeably change. There was 
no marked change in the temperature in House No. 2, but 
a decided change in relative humidity. The daily peak 
was 46.1 percent, 8.7 percent above the average of 37.4 
percent for the first three weeks, while at night it 
remained fairly constant at 62.7 percent, or 5.88 percent 
higher than the average of 56.82 percent. 
These changes in the infestations may be due to 
various factors. The fact that the check area in 
House No. 2 also showed a decrease, eliminates the 
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possibility of residual effect of the sprays* 
Mealybugs can live under the temperature and humidity 
conditions which existed at that time* However, such 
factors might lower the rate of development of the 
insect and as the older insects died, the younger ones 
were somewhat slower in replacing them as to numbers* 
Two weeks later, February 26th, seven weeks after 
treatment, all areas in House No* 1, and all in House 
No * 2 except those treated with Cedoflora, Lethane plus 
Penetrol, and Sea-Em-Die plus Emu^phor AD Oil-Soluble 
25:100, were more heavily infested* Temperature 
records which were available for House No * 2 only showed 
an average daily maximum for the two weeks of 84° F* and 
85*4° F*,respectively* The highest preceding tempera¬ 
ture had been 82*4° F* during the fourth week* Since 
there was an increase in mealybug population in some 
areas and a decrease in others, it seems probable that 
temperature was not the determining factor* 
Che month later, March 25th, the infestation was 
heavier on all areas except Sea-Em-Die plus Emulphor AD 
Oil-Soluble 15M00, which remained unchanged in House 
No* 2* In House No. 2 all areas were not as heavily 
infested as when treated eleven weeks before, except the 
check area, which had a heavier infestation* In 
House No* 1 all areas except those treated with Sea-Em- 
Die plus Emulphor AD Oil-Soluble 25:100 were more 
heavily infested than at the time of treatment* The 
area treated with Sea-Em-Die plus Emulphor AD Oil- 
Soluble 25:100 had about the same number of insects. 
Sea-Em-Die plus Emulphor AD Oil-Soluble at a 
dilution of 15:100 had given such high kill it was 
decided to dilute this even further* At this time a 
small hand sprayer which gives a very fine mist was 
available. A sprayer giving such a mist is recom¬ 
mended by the manufacturers for applying Sea-Era-Die at 
full strength* Three plots, each 9 feet in length and 
containing 12 plants, were set aside in House No* 1* 
These were not syringed during the entire experiment* 
A gallon of 5:100 and 10:100 dilutions was mixed* 
One application thoroughly applied required but 21/2 
cups for each plot* This was done by one of the 
regular workmen, on February 11th* A second application 
was made on February 22nd, and in addition, the third 
plot was treated with 15:100, and two plants with full 
strength Sea-Em-Die* Using the same system of counting 
adopted earlier, the results are recorded below. 
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Date 
Sea-Em-Die plus Emulphor Dilutions 
5rl00 10:100 15:100 100 
Feb* 11 sprayed 2 
w 12 2 
h 18 
w 22 sprayed 
it 
ti 
24 
26 
Mar. 5 
* 16 
25 it 
2 
8+ 
3 - 
3 
3 
3 
3 
3 
3 
3 
3 
3 + 
3 + 
2 
2 
2 
2 
2 + 
3 - 
2 
0 
0 
0 
0 
0 
Some kill was observed with all the dilutions, 
but the mortality was not high enough to decrease the 
infestation to any appreciable extent, except in the 
case of Sea-Em-Die at full strength. 
However, Sea-Em-Die used alone left a slight 
residue on the leaves, where it had been allowed to 
settle. At the end of a month the blossom had entirely 
dried and the very tips of new growth were burned. 
The more dilute solutions may be effective if applied 
with some force, but are not particularly effective when 
applied as a fine mist- 
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The sprayer used was capable of covering the 
12 plants in each plot with 2 1/2 cups of spray* 
This was a great saving on spray material, but with the 
dilute solutions, inefficient for control work. 
At the close of the previous experiments, the 
grower asked for suggestions for cleaning the experi¬ 
mental plots where the infestation had increased* He 
was advised to apply two dilutions of Sea-Em-Die plus 
Emulphor AD Oil-Soluble - 10:100 and 15:100 - with the 
pressure sprayer* Excellent results were obtained 
and both solutions proved equally effective* The 
results were as follows: 
Sea-Em-Die plus 
Emulphor AD 
Gil-Soluble 
Sea-Em-Die plus 
Emulphor AD 
Oil-Soluble 
10:100 15:100 
Infestation 3 3 1 - 
before 
spraying 
2-w 2 1 - 
Infestation Of Q f 0 
after 
spraying 
0 Of 0 
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A Cost Comparison of Insecticides 
Since Sea-Em-Die seemed to be superior, a compari¬ 
son is made between this and the insecticide previously 
used*- This is based on the amount necessary to spray 
318 two-year-old (full grown) gardenia plants, averaging 
3 to 4 feet in height, on 857*5 sa* ft* of bench space* 
A bench is 245 ft* long and 42 in* wide. 
Former Material Sea-Em-Die plus Emulphor AD 
Dilution 4:100 Oil-Soluble Dilution 10:100 
Sea-Era-Die Emulphor AD 
--- --Oil-Soluble 
#Cost per 
gallon of 
raw material $2.70 $2.50 $5 .04 
Gallons of raw 
material used 1.40 1.55 .08 
Cost of raw 
material used $3.78 $3.88 $ .40 
Total cost of 
raw material 
used $3.78 $4.28 
Gallons of 
spray solution 
used 35 16.33 
** Wholesale quotations 
The cost of the Sea-Em-Die is exactly fifty cents 
more per bench per application* But the effectiveness 
of Sea-Em-Die so exceeds that of the other material that 
the frequency of application would be reduced at least 
half, as would the actual spraying time, since slightly 
less than half the amount of spray is necessary* 
The plants have previously been syringed weekly* 
The reason for syringing is that it is good for the 
plants in keeping them clean and also it reduces the 
mealybug infestation. With the results obtained using 
Sea-Em-Die, indications are that syringing would be done 
once in two weeks, thus a saving of one-half the time in 
labor. One man syringes one bench in 50 minutes, under 
the present routine* With the cost of labor at approxi¬ 
mately 40 cents per hour, between 30 and 35 cents per 
bench per week would amount to considerable over a period 
of time* In this particular plant, one greenhouse alone 
has twenty-two benches* 
The use of Sea-Em-Die would reduce the cost of 
spraying by: 
1. Reducing the time of spray application to one-half 
3* Reducing the number of applications; 
3* Reducing the time of syringing to one-half. 
The Sea-Em-Die greatly surpasses the formerly-used 
material in effectiveness* Thus, even with the actual 
material cost of 50 cents more per bench, the amount 
saved in labor would bring the expense of spraying with 
Sea-Em-Die far below their former expenses* The most 
conclusive evidence as to the value of this work is 
\ 
best given in the words of the manager of this green¬ 
house: 
,fI find that Sea-Em-Die is very effective on 
mealybug. It seems to me that it will save 
time on syringing* I believe that instead 
of syringing once a week, it can be cut down 
to every two weeks. The time for syringing 
is 3 2/3 hours for three men, on one-half 
house of 3300 plants* The tests show 
almost 100 percent kill, which of course is 
what we gardenia growers have hoped for* 
Ten percent Sea-Em-Die emulsion seems to 
give best results* No injury was found with 
this mixture* As to the actual cost. The 
material previously used was $3*78 per bench, 
while Sea-Em-Die emulsion is $4*28 per bench* 
Amount of spray solution used - former 
material, 35 gallons per bench; Sea-Em-Die, 
16 1/3 gallons* This means about half the 
time saved*” 
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SUMMARY 
The results of this work may be summarized as 
follows: 
1* Sea-Em-Die plus Emulphor AD Oil-Soluble at 
dilutions of 10:100, 15:100, and 25:100 was effective 
in reducing the infestations to practically zero* 
The insects that survived were undoubtedly hidden and 
untouched by the insecticide* All eggs were killed* 
2* Lethane 1:250 plus Penetrol 1:200 was not 
effective in reducing the infestation to a noticeable 
degree* Possibly a slight effect was produced on the 
eggs, since the infestation after eleven weeks did not 
increase beyond the original one* This combination 
also produced plant injury* 
3* Cedoflora 1:25 was slightly effective in 
reducing the number of insects, either as a toxic 
insecticide, a repellent, or both, but did not kill 
the eggs, for an infestation heavier than the original 
was later built up in House No* 1. 
4* Syringing aids in checking an infestation* 
5* The physical environment as maintained in this 
greenhouse appears to lessen the rate of development of 
mealybugs, thereby preventing a rapid increase of an 
infestation* 
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6* Sea-Em-Die plus Emulphor AD Oil-Soluble at 
dilutions of 15:100, 10:100, and 5:100 applied as a 
mist are not effective in checking an infestation* 
7* Pressure is necessary with Sea-Em-Die 
dilutions of 10:100 and 15^100 to obtain control of 
mealybugs * 
8* Sea-Em-Die, although 100 percent effective 
when used full strength, injures gardenias* If plants 
are syringed 15 minutes after spraying, no injury is 
produced* Application of Sea-Em-Die at full strength 
should not be recommended* 
9. Sea-Em-Die plus Emulphor AD Oil-Soluble at the 
dilution of 10:100 gives adequate control of Pseudo¬ 
coccus citri (Risso) on gardenias and is more economical 
than any material tested or previously used by this 
grower. 
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CONCLUSIONS 
Seven groups of insecticides were tested - 
thiocyanates, nicotine, rotenones, pyrethrums, 
nicotine and rotenone combination, rotenone and 
pyrethrum combination, and "cedogen.* 
2* Two major groups of insecticides are particu¬ 
larly effective against mealybugs - the thiocyanates, 
including Lethane and Loro, and the pyrethrums, 
including Red Arrow and Sea-Em-Die. 
3* Sea-Em-Die emulsified with Emulphor AD Oil- 
Soluble and diluted 10:100 ranks first as to killing 
the insects and penetrating the eggs. It has great 
penetrating, wetting, and spreading powers, and acts 
quickly. 
4. Lethane 440 1:250 plus Penetrol 1:200, Lethane 
440 1:250 plus Wet Areskap 1:200, and Loro 1:800 plus 
Wet Areskap 1:200 will kill a high percentage of some 
species of mealybugs, but are not as effective as the 
Sea-Em-Die emulsion. 
5. Red Arrow 2.5:100 plus Penetrol 1:200 may be 
used but is not as efficient as the others. 
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6* The following insecticides were not found 
efficient for mealybug control: 
Nicotine 
Rotenones 
Nicotine and rotenone combination 
Rotenone and pyrethrum combinations 
7* "Cedogen" acts chiefly as a repellent* 
8* Sulfonated aryl compounds and sulfonated 
ether appeared to be most efficient in raising the 
insecticidal value of both the thiocyanates and the 
pyrethrum spray* 
9* Mealybugs vary in their susceptibility to the 
toxic effect of insecticides* From the most suscepti¬ 
ble to the least they aret 
Pseudococcus nipae (Mask*) 
P* adonidum (L*) 
Phenacoccus gossypii Towns. & Ckll* 
Pseudococcus maritimus (Ehrh*) 
P* ci tri (Risso) 
10* No one insecticide can be used for controlling 
mealybugs on all types of plants. 
11- Commercial tests showed Sea-Em-Die plus Emulphor 
AD Oil-Soluble to be most effective and economical in 
controlling Pseudo coccus cltri (Risso) on gardenias. 
— 134 -- 
Anonymus 
1933 
Ahlberg, 
1934 
Armitage, 
1929 
Basinger, 
1931 
1934 
BIBLIOGRAPHY 
Greenhouse mealybugs* 
Purdue Univ* Agr. Exp. Stat. Report of 
Director for year ending June 30, 1933: 
28-29* 
* and Palmgard, A. 
Undersokning over cyanvatets anvandbarhet 
som bekampningsmedel mot skadedjur i 
xathus * 
(Investigation on the practicability of 
hydrocyanic acid as a means of controlling 
insect pests in greenhouses.) 
Medd* Vaxtskyddsanst, 8:18 pp* 
Abstract in Rev* App* Ent. A22:669-670; 1934* 
HV M* 
Timing field liberations of Cryptolaemus in 
the control of the citrophilus mealybug in 
the infested citrus orchards of southern 
California* 
Journ* Econ* Ent. 22:910-913; figs. 42,43* 
A * J * 
Field key for the determination of some of 
the common mealybugs infesting nursery 
stock in California* 
Calif* Dept* Agr. Mo. Bull* 20:189-193; figs*l-8* 
Reproduction in mealybugs* 
Ann* Ent. Soc. Amer. 27:17-20; Tbls* 1,2* 
135 -- 
Berger, E* W* 
1917 Mealybugs and similar forms * 
Quart. Bull* State Plant Board of Klorida 
2*71-72* 
Borden, Arthur D* 
1923 Control of the common mealybug on citrus 
in California* 
U.S.D.A. Farm. Bull* 13091:1-10; figs* 1-5* 
Bousquet, E*W., Salzberg, P.L*, and Dietz, H.F* 
1935 New contact insecticides from fatty alcohols* 
Indust, and Eng, Chemistry 27:1342-1344; 
figs* 1-7* — 
Breakey, E* P* 
1934 Halowax as a contact insecticide* 
Journ* Econ. Ent. 27:393-398; fig. 23. 
Briton-Jones, H* R* 
1933 Preliminary trials with a combined insecticide 
and fungicide* 
Tropical Agr* 10 (3): 80-84. 
Abstract in Rev* App* Ent. A 21:220-221:1934* 
Britton, W. E* 
1933 Araucaria* 
Ct. Agr. Exp. Stat* Bull. 344t79* 
Browne, Ashley C* 
1931a Cold storage as a means of destroying mealv 
bugs on fruit* * ^ y 
Calif. Dept. Agr. Mo. Bull. 20*219-229: 
figs. 10-12, tbls. 1-8* — 
— 136 — 
Browne, Ashley C* (Cont*) 
1931b Heat treatment of apples for mealybug 
control* 
Calif* Dept. Agr. Mo. Bull* 20:389-391. 
Clancy, Don W* 
1933 Long-tailed mealybug abundant on citrus* 
Journ* Scon* Ent. 26:1171. 
Clausen, Curtis P* 
1933 Insect parasites and predators of insect pests * 
U.S.D.A. Circ* 346:1-22; figs* 1-15. 
1936 Mimeograph report of "Conference on biological 
methods of controlling insect pests;" 
Bellville, Ontario* pp* 1-86* 
Cole, F • R* 
1933 Natural control of the citrus mealybug* 
Journ. Econ* Ent. _26:855-864; fig. 65. 
Compere, Harold and Smith, Harry S. 
1933 The control of the citrophilus mealybug 
Pseudococcus gahani, by Australian parasites* 
Hilgardia 6;585-618; figs* 1-7. 
Compton, o
 
•
 o
 
t 
1933 Spraying is most effective control for 
mealybugs * 
Ill. Agr. Exp. Stat* 45th Rep. Director for 
year 1931-1932: 143-144; fig. 49* 
1933 Heated sprays more deadly in controlling 
mealybugs * 
Ill. Agr. Exp. Stat. 46th Rep. Director for 
year 1932-1933: 159-160* 
— 137 
Compton, C* C. (Cont.) 
1935a Hydrocyanic-acid gas is found to kill 
mealybugs* 
Ill* Agr. Exp. Stat. 47th Rep* Director for 
year 1933-1934: 157-158. 
1935b Greenhouse fumigation with hydrocyanic acid 
gas; the methods followed and precautions 
to be taken* 
Agr. News Letter (6) 3:1-5* 
Cboper, Thomas P* 
1935 A new spreader for nicotine* 
Univ. of Ky. Agr. Exp. Stat. 47th Ann* Rep* 
Director for year 1934: 31* 
Cory, Ernest N. and Langford, George S* 
1935 Sulfated alcohols in insecticides indicate 
favorable characteristics. 
Agr. News Letter (4) 3:4-8; tbls. 1,2. 
Constantino, G* 
1935 Un nemico del Cotonello degli Agrumi: il 
Cryptolaemus montrouzieri Muls. (C* mon- 
trouzierl an enemy of Pseudococcus citri, 
Risso)* 
Boll. Staz. Frutt Agrum. Acireale N.S. 6, 
7 pp., 1 fig* 
Abstract Rev. App* Ent. A24:45-46; 1936* 
Davidson, W. M* 
1930a Rotenone as a contact insecticide. 
Journ. Econ* Ent. £3:868-874; tbls* 1-2* 
1930b The relative value as contact insecticides of 
some constituents of derris* 
Journ. Econ* Sit. 23:877-879; tbl* 1* 
— 138 -- 
Davis, G. C* 
1896 Mealybugs * 
Mich* State Agr. Coll. Agr. Exp* Stat* 
Spec. Bull. 2:25-30; figs. 13-19* 
de Bussy, L.P*, Van der Laan, P.A*, and Jacobi, E*F* 
1935 Resultaten van proeven met Derrispoeder en 
rotenon op Nederlandsche insecten. 
(Results of tests with Derris powder and 
rotenone on Netherlands insects.) 
Tijdschr. Plziekt. 41 (2): 33-50 ; 2 pis., 
15 refs* 
Abstract Rev* App. Ent. A23:256-257; 1935. 
de 3ussy, L.P., Van der Laan, P.A*, and Diakonoff, A* 
1936 Bestrijding van Nederlandsche insecten 
met Derris. 
(The control of Netherlands insects with 
Derris.) 
Tijdschr. Plziekt. 42 (4): 77-100; 4 pis. 
Abstract Rev. App* Ent. A 24:518-519; 1936* 
de Ong, E.R., Knight, Hugh, and Chamberlain, Joseph C. 
1927 A preliminary study of petroleum oil as an 
insecticide for citrus trees. 
Hilgardia 21351-384; figs* 1-4; tbls. 1-10. 
Dietz, Harry F* and Morrison, Harold. 
1916 The Coccidae or scale insects of Indiana, 
pp. 1-321, figs. 
Dozier, Herbert L. 
1932 The Sicilian mealybug parasite in Illinois. 
Journ. Econ. Ent. 25:990. 
-- 139 -- 
Eddy, C. 0* 
1935 A new spreader for nicotine* 
Joum* Econ* Ent. 28;469-472* 
Elmer, 0. H*. 
1925 Transmissibility and pathological effects 
of the mosaic disease* 
Iowa Sta* Research Bull. £32:39-91; figs. 2* 
Abstract in Exp. Stat. Record 53;747-748;1925* 
Essig, E* 0* 
1914 The mealybugs of California* 
Mo* Bull. State Comm. Hort* Calif. 3:97—143, 
figs* 1-53* 
Jfesig, E*0. and Hoskins, W*M* 
1934 Insects and other pests attacking agricultural 
crops• 
Calif. Agr. Ext. Serv. Circ. 87:1-155; figs* 
1-108, tbls* 1-3. 
Evans, F* T* 
1936 The performance of "Loro* in commercial 
floral greenhouses during the past year* 
Agr. News Letter (2) 4:12-14. 
Fajardo, T. G-* 
1930 Studies on the mosaic disease of the bean 
(Phaseolus vulgaris L.)* 
Phytopathology 20:469-494. 
— 140 
Fisher, H< 
1929 
1933 
Gins burg, 
1933a 
1933b 
1934a 
1934b 
j 
1935 
Ginsburg, 
1935 
J. and 3ailey, E. M. 
The composition of some commercial insecticides, 
fungicides, bactericides, rodenticides, and 
weed killers * A compilation. 
Ct. Agr. Exp. Stat. Bull. 300:1-368; this. 1*33. 
The composition of some commercial insecticides, 
fungicides, bactericides, rodenticides, and 
weed killers. A compilation, supp. to Bull. 
300. 
Ct. Agr. Exp. Stat. Bull. 346:212-268; this. 
1-16. 
Joseph M. 
Pyrethrum. Its value in exterminating insects. 
N. J. Agr. Exp. Stat. Circ. 272:1-4. 
Rotenone. Its insecticidal value. 
N. J* Agr. Exp. Stat. Circ. 273:1-2. 
Summer contact insecticides. 
K. J. Agr. Exp. Stat. Mimeo. Circ. M10:l-5. 
Control of mealybugs and other resistant 
insects on hardy plants with a completely 
refined petroleum distillate. 
Journ. Econ* Ent. 27:1186-1188. 
New wetting agents for old insecticides. 
Journ. Econ. Ent. 28:224-228. 
Joseph M., Schmitt, John B., and Granett, Philip 
Utilization of a completely refined low-boiling 
petroleum distillate in controlling insects 
infesting Chrysanthemum and other plants. 
Journ. Econ. Ent. 28:236—242; fig* 30, tbls.1-5. 
— 141 
Hamilton, Clyde C. 
1932 Control of mealybugs infesting Gardenias* 
N. J. Agr. Exp. Stat. Rep. Dept* Ent. for 
year ending June 30, 1931r 220* 
1935a Greenhouse fumigation with calcium cyanide. 
N. J. Agr. Exp• Stat. Circ. 346:1—4. 
1935b Mealybugs and scale insects. 
Entoma, pp. 97-98. 
Harned, R. W. 
1931 Annual Report of the Department of Zoology and 
Entomology. 
Miss. Stat. Rep. 1931:30-35. 
Abstract in Exp. Stat. Record 66:754;1932. 
Hartzell, Albert and Hfilcoxon, Frank 
1932 Some factors affecting the efficiency of 
contact insecticides* II. Chemical and toxi¬ 
cological studies of pyrethrum. 
Contrib. Boyce Thompson Inst. 4:107-117; 
figs. 1-2, tbl. 1. 
1934 Organic thiocyanogen compounds as insecticides 
Contrib. Boyce Thompson Inst. 6*269-277; 
fig. 1, tbl. 1. 
1935 Chemical and toxicological studies on organic 
thiocyanates. 
Contrib. Boyce Thompson Inst. 7:497-502; 
figs. 1-2, tbls. 1-2. 
" * 
Haseman, L. and Jones E. T. 
1934 Greenhouse pests and their control. 
Mo. Agr. Exp. Stat. Bull. _342:l-32; figs. 1-14 
-- 142 - 
Heming, W* E* 
1936 Enemies of the Mexican mealybug, Phenacoccus 
gosaypii (T. & Ckll*). 
Journ* Econ* Ent. 29 * 63 3* 
Hensill, G. S* and Hoskins, W* M* 
1935 Factors concerned in the deposit of sprays* 
I. The effect of different concentrations 
of wetting agents* 
Journ* Econ. Ent* 28:942-950; figs* 139-140* 
Hoemer, John L* 
1930 Penetrol as an activator for nicotine* 
Journ* Econ* Ent. 23:174-177; pi. 7* 
Hollenger, A* H* 
1923 Scale insects of Missouri* 
Mo. Agr. Exp. Stat* Res. Bull. 58:1-71; 
pis. 1-7* 
Illingworth, J. F* 
1931 Preliminary report on evidence that mealybugs 
are an important factor in pineapple wilt. 
Journ. Econ* Ent* 24:877-889; pi.35, tbls.1-2* 
Ivanova, N. A* 
1935 Experiments on disinsecting plants by applying 
hot water. (In Russian) 
Plant. Prot* Fasc. 4:47-64; 21 refs. 
Abstract Rev* App. Ent. A 24:577; 1936* 
Ivanova, N.A. and Paikin, D* 
1935 The quarantine fumigation of citrus nursery 
stock with hydrocyanic acid gas* (In Russian) 
Plant. Prot. Fasc. 4:132-133* 
Abstract Rev. App. Ent. A 24:581-582; 1936* 
James, H. 
1937 
Matheson, 
1923 
McDaniel, 
1923 
1934 
McKenzie, 
1932 
’ \ 
1935 
Merrill, j 
1929 
Murphy, D« 
1933 
— 143 - 
Sex ratios and the status of the male in 
Pseudococcinae (Hem. Coccidae)* 
Bull* Ent* Res* 28• 429—461 ; this* 1—16* 
Robert 
The wax secreting glands of Pseudococcus 
citri Risso* 
Ann* Ent* Soc* Amer. ^16:50-56; pis. 2,3* 
E* I* 
Mealybugs on house plants. 
Mich* Quart* Bull* 6:69-71; figs. 7-8* 
Insects infesting gladiolus* 
Mich* Agr. Exp. Stat. Circ* 149:13-20; figs.3-6 
H. L* 
The biology and feeding habits of Hyperaspls 
lateralis Mulsant (Coleoptera-Coccinellidae). 
Calif. Pub. Ent. (2) 6:9-20; pis. 2-3, 
figs. 1-4, tbls* 1-4*“" 
Biology and control of avocado insects and mite 
Calif. Agr. Exp. Stat. Bull. 592:1-48; figs* 1- 
27, tbls* 1-3* “— 
. D. 
Beneficial insect investigations* 
Calif. Agr. Exp. Stat. Rep* year 1928-1929:34* 
F* and Peet, C. H* 
Insecticide activity of aliphatic thiocyanates 
II. Mealy bug. 
Indust, and Eng. Chemistry 25:638-639; tbls*l-3 
- 144 - 
Myers, L. E. 
1931 Scale insect projects 
Miss* Agr* Exp. Stat. 44th Ann* Rep* 
1930-1931:30-32* 
1932 Two economic greenhouse mealybugs of Mississippi 
the citrus mealybug and the Mexican mealybug. 
Journ. Econ. Ent. 25:891-896; pis. 25-26* 
Neiswander, C. R* 
1934 Greenhouse insects* 
Ohio Agr. Exp. Stat. 52nd Ann. Rep. 1932-1933:40 
1935a Two greenhouse mealybugs, Pseudococcus cltrl 
Risso and Phenacoccus gossypli T. & Ckll. 
Ohio Agr. Exp. Stat. Bull. 548:40. 
1935b Experiments in the control of two greenhouse 
mealybugs, Phenacoccus gossypil T. & Ckll. and 
Pseudocoecus citrf Risso* 
Journ* Econ. Ent. 28:405-410; figs. 56-57, 
tbls * 1-5* 
O’Kane, W.C*, Westgate, VST.A.., Glover, L.C*, and Lowry, P.R. 
1930 Surface tension, surface activity, and wetting 
ability as factors in the performance of 
contact insecticides. Studies of contact 
insecticides I* 
N.H* Agr. Exp. Stat. Tech. Bull. 39:1-44; 
figs. 1-3, tbls. 1-11, charts 1-10. 
Olitsky, Peter K. 
1925 The transfer of tobacco and tomato mosaic 
disease by the Pseudococcus citri. 
Science 62, N.ST (1611) T*4427 
145 ~ 
Piedallu, A* and Balachowsky, A*- 
1928 The use of chloropicrin against coccid enemies 
of the orange or date* . . 10„ 
Compt* Rend* Acad* Sci* (Paris) (16) 1SX* 
671-673* 
Abstract Exp* Sta* Record 62:155-156, 1930. 
Printz, Ya* I* 
1932 Notes on vine pests III* (In Russian) 
136 pp*, 4 fldg* charts, text, ill* 5 refs* 
Helenendorf, Ent* Kab* Koop* Vinogr. "Konkordiya* 
Tiflis, Izd* Tekhnika i Shroma* 
Abstract Rev. App* Ent. A 21:9-11; 1933* 
Quayle, H* T* 
1932 Mealybugs. In Biology and control of citrus 
insects and mites* 
Calif* Agr. Exp. Stat. Bull. 542:47-51; 
figs* 31—33* 
Raevitscher, F* 
1933 Wohin stechen die Pfalnzenlause? 
(Into what do aphids pierce?) 
Z* Bot* 26, p*145, £ena* 
Abstract Z. PflKrankh* 43 (12): 699* 
Abstract Rev. App* Ent. A 22:86; 1934* 
Richardson, H* H* 
1932a Control of the red spider mite and the citrus 
mealybug on greenhouse plants* 
Joum. Econ* Ent. 25:412* 
1932b Pyrethrln sprays in the control of greenhouse 
pes ts* 
Joum. Econ* Ent. 25:415» 
1933 Preparation of derris extract sprays* 
Journ. Econ* Ent. 26:995* 
— 146 - 
Richardson 
1935 
Ritcher, P« 
1936 
Sasscer, E< 
1917 
Serrano, F 
19 34 
1935 
Smith, H* ! 
1930 
1936 
Smith, H.S 
1931 
H. H* (Cont *) 
A progress report on the insecticidal control 
of the Mexican mealybug (Phenacoccus gossypii 
T. and Ckll.) on greenhouse chrysanthemums* 
Journ* Econ* Ent. 28:399-405; tbls* 1~3* 
0. and Calfee, R.K* 
Wider uses for nicotine* 
Journ. Econ* Ent. 29:1027-1028* 
R. and Borden, A*D* 
Fumigation of ornamental greenhouse plants 
with hydrocyanic-acid gas* 
U.S.D.A* Farm. Bull* 880:1-20; figs*l-4, 
tbls* 1-2* 
B* 
Pineapple mealybug wilt in the Philippines. 
Phil* Jnl* Sci. (4) 55:363-377* 
Control of pineapple mealybug wilt* 
Phil. Jnl. Sci. (2) 56:111-124. 
The present status of the biological control 
of mealybugs* 
Calif* Citrograph 15:356,359* 
Mimeograph Report of ’’Conference on biological 
methods of controlling insects pests;n Bell- 
villa, Ontario, pp* 1-86* 
. and Armitage, H.M* 
The biological control of mealybugs attacking 
citrus* 
Calif. Agr. Exp. Stat. Bull. 509:1-74; figs.1-21 
147 — 
Smith, H.S* and Compere, Harold 
1928 Establishment in State of newly introduced 
mealybug parasites* 
Calif* Citrograph 14:5, fig* 
1931 Introduced parasites successfully control 
the citrophilus mealybug* 
Journ. Econ* Ent. 24:942-945* 
Speare, A* T* 
1922 Natural control of the citrus mealybug in 
Florida* 
U*S.D.A. Bull. 1117:1-19; pl*l, figs*l-2* 
Swain, A* F* 
1935 The role of *Loro” in the California citrus 
spraying schedule and the results obtained. 
Agr. News Letter (6) 3:6-7. 
Sweetman, Harvey L* 
1935 Successful examples of biological control 
of pest insects and plants. 
Bull. Ent. Res* 26:373-377. 
1936 The biological control of insects, dp* 461. 
figs. 1-142. V 
Comstock Publishing Co., Inc., Ithaca, N. Y. 
Thompson, W* L* 
Introduction and study of beneficial insects. 
Florida Agr. Exp. Stat. 45th Ann. Rep. 
1930-1931:71. 
1931 
— 148 
Thompson, 
1936 
Tisdale, 
1935 
1936 
Uichanco, 
1935 
Vos, H.C. 
1930 
Wadley, F 
W. R* 
Mimeograph Report of ^Conference on biological 
methods of controlling insect pests;* 
Bellville, Ontario,* pp. 1-86* 
W* H* 
Higher alcohol sulfates as spreading agents 
for insecticides and fungicides are studied* 
Agr. Hews Letter (3) 3:4-5* 
A combined spreader and sticker for sprays 
that possess various valuable properties* 
Agr. Hews Letter (6) 4:65-67* 
Leopoldo B* 
Tolerance of mealy bugs to drying of host 
tissue* 
Phil. Agr* 23:886-890; figs* 1-2* 
. C * A • A • 
De invloed van Pseudococcus citri (Risso) 
Fern, op de plant* 
(The influence of P. citri on the plant.) 
Med. 8 vo. (10) 81 pp., 38 figs., 3 pis. 34 refs* 
Rijks-Univ. Utrecht, Thesis, 1930* 
Abstract Rev. App.Ent. A 18:296; 1930* 
Minutes of the four hundred fifty-second 
regular meeting of the Entomological Society 
of Washington* J 
Proc. Ent. Soc. Wash. 36:48-50. 
1934 
-- 149 -- 
Batson, J 
1932 
Weigel, C 
1935 
•» 
Whitcomb, 
1934 
/ 
Whitcomb, 
1936 
Wilcoxon, 
1931 
1935 
• R* 
Mealybugs*- In citrus insects and their control* 
Florida Agr* Ext* Serv* Bull* 67:39-43; 
figs* 24-25* 
•A. and Sasacer, E* R* 
Mealybugs* In insects injurious to ornamental 
greenhouse plants* 
U.S.D.A* Farm* Bull* 1362:38-39; figs.34-35* 
W* D* 
Adaptability of Cryptolaemus to control of 
mealybugs in the greenhouse. 
Mass* Agr* Exp* Stat* Bull* 305:35-36* 
W* D. and Garland, Wm* 
Adaptability of Cryptolaemus to control of 
mealybugs in the greenhouse* 
Mass* Agr. Exp* Stat. Bull. 327:52* 
Frank and Hartzell, Albert 
Some factors affecting the efficiency of 
contact insecticides* I. Surface forces as 
related to wetting and tracheal penetration* 
Contrib* Boyce Thompson Inst. 3:1-12; figs* 
1—4, tbls * 1—2* 
Further experiments on organic thiocyanates 
as insecticides* 
Contrib. Boyce Thompson Inst. 7:29-36; figs. 
1, tbls. 1-3* 
Acknowledgments 
The writer greatly appreciates the advice and 
help that many have given her* Particular 
appreciation and thanks are given to Dr* Harvey L* 
Sweetraan, who was directly in charge of the work, 
and to Prof. A • I* Bourne, who gave many helpful 
suggestions and furnished some of the materials* 
Sincere thanks are extended also to Dr* C* P* 
Alexander, to Dr. Frank R. Shaw, and to the members 
of her thesis committee, Dr. C. E. Gordon and prof* 
A. Vincent Osmun, for the criticisms and most helpful 
advice offered throughout the course of the project* 
Acknowledgment is also made to Dr. Harold Morrison, 
of the United States National Museum, for the 
determination of specimens* 
PLATES r to IX 
plate I 
» -a *- 
Fig* 2* Fhenacoccus gossypil Towns* & Ckll* 
_.B 
-———. ~ 
Fig* 1* Fsettdococcrts cjltri (Bisso) 
Plate II 
Fig# X Pseudococcus maritimus CEhrh*) 
Fig* 2# Pseudocoecus adonidum (L*) 
Flat© III 
Pseudocoecus nipae (Mask*) 
Plate IV 
/ 
« 
An uninfested Coleus grown under the 
same conditions as the infested 
plants in Plates V, VI, and VIII 
A Coleus plant 76 days after the introduction of a 
single adult female of Pseudococcus citri (Risso) 
Plate V 
Plata VI 
A Coleus plant 60 days after the Introduction of 
single adult female of Phenacoccus gossypi1 
Towns. & Ckll* 
Plate VII 
An enlarged portion of plant from Plate VI showing 
the egg masses of Phenacoccus gossypll Towns. & Ckll 
Plata VIII 
A Coleus plant 76 days after the introduction of a 
c 
single adult female of Phenacoccus gossypil 
Towns* & Ckll• 
Plata IX 
Experimental area in the greenhouse*. 
The plants in the foreground are on a box covered with 
sticky paper to isolate them from mealybugs and ants* 
The glass cylinders in the background contain cultures 
of the Chalcid parasite, Leptomastidea abnormis G-ir* 
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C23) 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
Lethane 440 1:250 13*5 29.41 80* 
Lethane 440 1:250 85*40 98.11 97*57 
Le thane 440 1:250 
plus 
Lethane Spreader 1:300 
80*27 85.77 84.48 
Lethane 440 1:250 
plus 
Immersol 1:100 
93*45 87*93 87.50 
Lethane 440 1:250 
plus 
Penetrol 1:200 
97*77 98*21 95.86 
Lethane 440 1:250 
plus 
SS-3 1:1600 
65*67 80*17 88*88 
Lethane 440 1:250 
plus 
Wet Areskap 1:200 
97*98 96.77 98*18 
Loro 1:100 plus 
Ammonium sulfonated soap 
1:100 
94*23 
Loro 1:600 plus 
Immersol 1:100 
38.29 100 
Loro 1:100 plus 
Immersol 1:100 
93.10 92*09 
Loro 1:800 plus 
Penetrol 1:200 
25.76 47 *9 4 84. 
Loro 1:1200 plus 71.42 72*42 72.41 
SS-3 1:1600 
C24) 
24 hours 
percent 
mortality 
48 hours 
percent 
mortality 
72 hours 
percent 
mortality 
Loro It1000 plus 
SS-3 1:1600 
88.73 88*57 95.65 
Loro 1:1000 plus 
SS-3 1:1600 
96.55 97.10 98.33 
Loro 1:800 plus 
SS-3 1:1600 
83.28 79*68 86.95 
Loro 1:600 plus 
SS-3 1=1600 
65.62 88.88 
Loro 1:100 plus 
SS-3 1:1600 
90.47 91.66 
Loro 1:800 plus 
Ultrawet 1:2000 
59.49 70.96 
Loro 1:600 plus 
Wet Areskap 1:200 
90. 96*42 
Loro 1:100 plus 
Wet Areskap 1:200 
93.54 100. 
Hlcotine Sulfate 1:20Q 
plus Immersol 1:10Q 
67.64 
Nicotine Sulfate #5:100 
plus Kubatox *5:100 
plus Immersol 1:100 
39.90 
Nicotine Sulfate *5:100 
plus Red Arrow *5*100 
plus Immersol IrlOO 
65.87 
Cubor lrlOO 0 0 8.97 
Derrisol *2^100 plus 
Ammonium sulfonated soap 
1:100 
9.52 
(25) 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
Derrisol *2:100 plus 
Iramersol 1:100 
28.98 
Rotecide 1:200 1.40 2.46 
Rotecide 1:200 plus 
Wet Areskap 1:200 
2.04 0 
Red Arrow 2*5:100 80.85 90*24 93*44 
Red Arrow 2*5:100 plus 
Red A Soap 1:800 
77.10 90*56 96*81 
Red Arrow 2*5:100 plus 
Immersol 1:100 
79 *86 
Red Arrow 2*5:100 plus 
Immersol 1:100 
63.85 9 2.48 96*86 
Red Arrow 2*5:100 plus 
IN 438 1:1500 
33.91 66.19 92*23 
Red Arrow 2*5:100 plus 
Penetrol 1:200 
87.01 98.01 99.21 
Red Arrow 2*5:100 plus 
SS-3 1:1600 
50. 89.67 86* 
Red Arrow 2*5:100 plus 
Wet Areskap 1:200 
89.09 95.75 93*45 
Sea-Em-Die 100:100 100. 
Sea-Em-Die 29.09:100 plus 
Emulphor AD Oil-Soluble 
*24:100 
100. 
Sea-Em-Die 23*03:100 plus 
Emulphor AD Oil-Soluble 
♦19:100 
100. 
Sea-Em-Die 16*64:100 plus 100. 
Emulphor AD Oil-Soluble 
*13:100 
(26) 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
1-66:100 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
1*66:100 - Wash 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
-66:100 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
-66:100 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
-33:100 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
-33:100 - Wash 
Sea-Em-Die 16-66:100 plus 
Emulphor AD Oil-Soluble 
-166:100 
Sea-Em-Die 9-07:100 plus 
Emulphor AD Oil-Soluble 
-82:100 
Sea-Em-Die 6-24:100 plus 
Emulphor AD Oil-Soluble 
*15:100 
Sea-Em-Die 5:100 plus 
Emulphor AD Oil-Soluble 
-2:100 
Sea-Em-Die 4-72:100 plus 
Emulphor AD Oil-Soluble 
*7:100 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
Too 100 
87.94 98.40 
88.98 100 
10Q 100 
100 100 100 
99.25 
20.80 22.50 
85*18 86-47 
75 86.20 
87-5 
87-5 
(27) 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
3ea-Em-Die 3*2:100 plus 
Emulphor AD Oil-Soluble 
*008:100 
74. 78.5T 25* 
Sea-Em-Die 1.62:100 plus 
Emulphor AD Oil-Soluble 
.81:100 
76*92 33*33 21.73 
Sea-Em-Die 37*26:100 plus 
Penetrol .62:100 
100 
Sea-Em-Die 22*91:100 plus 
Penetrol *38:100 
100 
Sea-Em-Die 4.72:100 plus 
Penetrol .7:100 
43.75 55.26 73*68 
Sea-Em-Die 2*42:100 plus 
Penetrol *72:100 
79*36 57*30 48*57 
Sea-Era-Die 1.62:100 plus 
Penetrol *48:100 
38.20 39 *13 27*27 
Sea-Em-Die 4.72:100 plus 
SS-3 .7:100 
51*78 52.38 61.53 
Sea-Em-Dle 2.42:100 plus 
SS-3 .72:100 
42.10 42.42 67*39 
Sea-Em-Die 1.62:100 plus 
SS-3 .48:100 
42.69 59*61 15.25 
NicoRote 1:200 8*61 4.93 
NicoRote 1:200 plus 
Immersol 1:100 
4.76 0 
NicoRote 1:200 plus 
Immersol 1:100 
17.74 11.62 11*86 
NicoRote 1:200 plus 
Wet Areskap 1:200 
3.03 1.92 6.77 
NicoRote 1:200 plus 
Wet Areskap 1:200 
6.40 3*08 
(28) 
24 hours 48 hours 
percent percent 
mortality mortality 
Foliafume 1:500 0 0 
Foliafume 1:500 3*22 2.27 
Rototox 1:200 0 13.33 
Seagreen 1:100 7.14 0 
Cedoflora 1:25 11.26 12.81 
Cedoflora 1:25 40*38 37*50 
Cedoflora 1:25 92*50 83*82 
Cedoflora 1:25 plus 
Immersol 1:100 
63*63 84*21 
Cedoflora l:25plus 
Penetrol 1:200 
62.16 73*33 
Cedoflora 1:25 plus 
SS-3 1:1600 
83*11 82*11 
Cedoflora 1:25 plus 
Wet Areskap 1:200 
CM
 
to
 
*
 
c
o
 
00
 80*50 
Check - No spray 0 12*5 
Check - No spray *72 0 
Water to
 
•
 3.05 
Water 0 10. 
Immersol 1:100 5*59 9.74 
Penetrol 1:200 1.38 0 
Wet Areskap 1:200 0 5*88 
72 hours 
percent 
mortality 
0 
10.5 
3*33 
80* 
13*51 
0 
0 
(29) 
IN 438 1:1500 
3S-3 1:1600 
Ultramat 1:2000 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
4.05 14.23 2*28 
2.77 0 1.83 
0 1.78 
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Table V 
Insecticidal combinations which produced a mortality 
of mealybugs of 80 per cent or over, arranged under 
the varying percentages of mortality observed at the 
end of 24, 48, and 72 hours after spraying. 
Noter Numerals preceding insecticidal combinations 
indicate same experiment* 
24 houra 
80-64 
►ercent 85—69 |Q r cent 90-94 percent 9 5-100 >ercent 
^Lethane 
440 1:250 
plus 
Lethane 
Spreader 
1:300 
ethane 
440 1:250 
»e thane ^Le thane 
440 1:250 440 1:250 
plus plus 
Immersol Penetrol 
1:100 1:200 
Le thane 
440 1:250 
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Emulphor AD .19:100 Oil-Soluble Emulphor AD ^ • • 
Oil-Soluble 5.15:100 Oil-Soluble 
.66:100 .66:100 
3 Sea-Em-Die < "j 6 V ' ’v 7; 
16.64 MOO ' h C .A 
10 Sea-Em-Die plus 8 3ea-EmrDle ® jV" 
9.07:100 Emulphor AD 16.66:10Q * , 
plus Oil-Soluble plus • 
Emulphor AD .13:100 Emulphor AD - . t . 
Oil-Soluble Oil-Soluble ^ 
.22:100 .33:100 - -t : •< 
4 Sea-Em-Die 
, '7 K. * 
16.66:100 
plus / 
Emulphor AD 
Oil-Soluble 
1.66 MOO 
95-100 
percent 
12 Sea-Em-Die 
5 MOO 
plus 
Emulphor AD 
Oil-Soluble 
*2 MOO 
J.3 Sea-Era-Die 
4 *.72:100 
plus 
Emulphor AD 
Oil-Soluble 
*7 MOO 
7 Sea-Em-Die 
16.66:100 
plus 
Emulphor AD 
Oil-Soluble 
*66:100 
8 Sea-Era-Die 
16.66:100 
plus 
Emulphor AD 
Oil-Soluble 
.33:100 
9 Sea-Em-Die 
16.66:100 
plus 
Emulphor AD 
Oil-Soluble 
.33:100 
wash 
14 Sea-Em-Die 
37.26M00 
plus 
Emulphor AD 
Oil-Soluble 
.62:100 
15 Sea-Em-Die 
22.91:100 
plus 
Emulphor AD 
Oil-Soluble 
.38 MOO 
(33)
 
CjK 
n V rj) j" 
, ■) ii l 
<* < J kO 
c \ »-» 
G) 
O ! 
, 1 o 
i!) 
• 0 
4! 
(0 
.4 
o 
t*. 
<'V) 
O ' > CO 
<: t "" w 
. ’ -J 
! ki m 
Table VI 
The time periods, - 24, 48, and 72 hours - following 
spray applications, with the most effective, 
insecticides and their combinations, in obd^r of 
their effectiveness, and the percentage of: mortality 
produced* 
*, ■#, * - Same experiment O f..) »■-.: 
c, ■' j 
;d 
O »- • 
"• i. 
C'j I 1 On tomato plants outdoors.: 1 
J t . f-» ' ' s 
: 0> ^ C vi f—i - 
O r- 
* I 
t i 
K v 
*• ' • 
1 1 •• <'• I 
t ; * r-> 
* I . ' ' r;> 
f rrv 1 
Q1 
I/! O 
o r 
O H, 
•4 | 
<l> '? 
3> £_• Hi ’ 
iI •• 
<• •’ >4 C- 
. W ( I 
» • , -- ! • : 
.. ) -* ! 
I ! ' I 
i -i ■; •‘i 
* • 
y < p i rp r. 
t 
o t 1 ■ : ■ c 
< I ■ ■ ,? o v 
- -• , • I 
> o , ■: • ‘ i ♦* i • J I 
< : u • n 
‘ •: > . ♦ ♦ (■ ' 
i;.’ l 
5 • ‘ 
< , i f- 
o - 
v.-' I 
( ■'J < V 
p 
c, 
ro f' {O I 
!•' ! 
f :j • 
1 
I". 
(34) 
& 
a # 
P *rl CH 
O © as 
p* (4 
Cl] (DO 
C- O, 8 
© P 
Pi p -H 
o §© 
co © o 
^ Or B 
« 
I 
o 
A 
rj* 
s 
>1 
p 
p *H 
§ *© 
p 
Si 
O 
O 
Si 
<D CU S 
H to GO to 
02 to H co 
• 4 * • 
cr> GO 00 to 
01 01 Oi 0 
0 
© 
p 
H 
O 
IO p« 
03 © 
*♦ O 
p Or r-l © _ O 
02 03 © © H 
P •• OO 3 •• 
r-l r-| O O rH H 
ft o< 0 to & P4 
O r-l t-l rH p p H 
Si O O + • 44 © © u 0 O 
uo u r-l rH 2 IK P. O « 
<C H p 
0 to 
3 0 < rH P. 
• 4 © 
3?8 
• • © 
xi io *3 P. 1 tmo a 
© ♦ © O 03 © rH *• © ♦ s 
ft 02 M POT *4 Q<H ♦ 1 ❖ ❖ 
00 
♦ 
to 
01 
10 
to 
• 
10 
cr> 
£ 
o 
u 
u 
o 
o 
00 
4* 
g-« 
H Q« p4 © 
o 
o 
o 
CO 
<H < 
4* 
TJ 
© 
Tf tO 
© • 
KWK 
❖ 
« 
2 
a, 
00 
88 
H rH 
• • > • 
o to 
u i 
ai 
O H rH 
02 rH 
4 4 ♦ 
0 O O CO CO <0 
0 O O 01 01 01 
rH rH rH 
0 
0 
O O 02 0 
O 1 1 0 44 10 
n © 03 HO rH O 02 H 03 
P O J3 *. ©.HO W *rt rH 44 44 
*H O rH H 0 OrH P O •• rH rH rH 
PnrH a, rH *• rH tO O 
«• O' P«P tO PuP to 9 u 9 0 H 0 « © < to © <; • ** p 
0 0 *H O ♦ •rl O rH © 
to rH rH © CkO u P O Si c 
*• O • « © 1 HO © 1 rH O © © © © 
«H © rH Si E *♦ JO rH & ** XS h S ^ c P. ft to CL,ro ft to P,X> « © 
O © O 1 to rH p 1 to M pj X3 © 
P, B U p ©, * p rH © • p rH © p 3 p 
O B 0 © © tO E O 0(0 so ns © rH © 
JH P$K 03 rH ft 03 03 rH ft W& P Or p ❖ $ -Jl* -r * >u 
O O O O O 0 
O O O O O 0 
rH H rH H rH rH 
© 
HO 
8o2 
rH •• 
P<P ^ 
© C 02 6
 
p
lu
s
 
A
D
 
O
il
- 
1
9
:1
0
0
 
© 
•H H O * HO ♦ «rl 
ft POP, POP. P 
1 1 rH O © 1 H O © 1 
E S •• Xi rH S *• X! h E 
ft ftd 04X2 ft 10 0"0 W 
1 1 OH 0 t OH 0 I 
© © ♦ P rH ©•pH © 
© 
5wls 
© IO S O © 
0? 03 03 ft 03 03 
1 1 O 1 
H O H O H O 
© P O W <H H © 
S3 2 O H 00** P 
H •• H to H 44 
PrptO o,p to PrP tO 
_ ^H © < ♦ © <S to 
O ♦ •ho H H O 4 
O Si P O P, P 0 u 
HO® 1 rH O © 1 H O © 
•• H S *• XJ H .S *• XJ H 
ft to OirO ft to 
to H 0 1 (OH 3 1 to H P ♦ 3 H ©♦PH « ♦ P H 
0(0 SO 
03H ft 03 
© to 
03 H IS S
e
a
-E
m
-D
ie
 
1
0
0
 
#
R
e
d
 
A
rr
o
w
 
.
 
9
8
*
0
1
 
1
6
*
6
6
:1
0
0
 
p
lu
s
 
2
*
5
:1
0
0
 
p
lu
s
 
E
m
u
lp
h
o
r 
A
D
 
O
il
- 
P
e
n
e
tr
o
l 
1
:2
0
0
 
S
o
lu
b
le
 
*
3
3
:1
0
0
 
(35) 
w -p] 
k *p p 
P Ct 
O © < A op] 
L, t, 
(MOO 
t- ftej 
W 43] 
*P •H) 
P gP 
© « O P 
I* t, 
op © o ft s 
o 
*p 
» p] 
113 
fig 
s&§ 
0 to to 
p o- 
• 4 • 
t> to 10 
<D CD <D 
a, 
o o 
o § 
r-t P 
44 44 
H P 
6 tO 
§4 
O 
s 
o 
r-t ttt 
P4<0 0 ♦ 
P O 
POH 
I P o & ** u 
frt to p 
t to © 
0 ♦ Cl 
© IS © 
to to ft* 
o 
M 8 
P •• H «-t 
ft„ 
O « 
23 
44 © 
* £ 
o ^ 
4* 
piS 
o 
o 
o 
** ° 
« p 
P 44 
H co 
fttO 
0 • 
P O 
QO H 
l p o 
d^i; 
I CD © © • c 
© to © 
05 to & 
44 
0H 
P P4 
p « 
ft.w Sm 
O © 
IhO u 
P c 
44 
Tt ID P 
© 4 © 
« tofcs 
❖ 
to 
to 
4 
CD 
CD 
§ 
CO 
CD 
4 
N 
CD 
I 
P o 
p o 
Op 
p *4 
ftp to 
© c to 
P O 4 
pot, IPO© 
B *• P P 
W to ftp 
I ©H P 
aJ * p p « 
© to 
to p 
S to 
t- to 
4 4 
t» to 
CD CD 
O 
IO 0 
to P 
• • H 
P P ft 
O 
Si; OO O O 
^ © O to 
c P P 
© © 44 »• 
g ft 
3 O 
P P 
S38 
0 to U | 
©P *4 0 to 
»4 ftp P-0? 
❖ 
(36) 
© -P 
U -P *H 
gg-3 
•“St 
CO © O 0*B 
© & 
© O © _
,0 O -P 
. £• *- 
** © O 
M Ph B 
to 
cr> 
§ k O 
h° < rH 
4© 
*d to 
© • 
«03 
(0 
« 
02 
<J> 
o 
© S 
HH 
g^H 
o o o %o © 
** <D 
•otn e © * e 
to 
02 
0> 
© 
3 
Oh 
CL. 
« 
O 
0J 
o 
o 
TJ 
© 
H B -P 
** p « H«H g 
Coo 
O O <M O 
k B rH fH O E p *♦ 
to 
02 
02 
cr> 
§ 
O 
© o 
p to 
iH H 
Oh *« 
O o 
44 S* 
Tt IO © ♦ 55 
05 02 M 
cr> to to 
o to to 02 
4 4 4 4 
02 rH o o 
O CT. cr> o> 
© 
0 o 
© 
0 
o 
8 
rH O H 44 
OhH Oh © r-t 
«• o P 
OH 
§8 H Oh o £ Oh© 
*-t rH rH »—| P o 44 O • • 44 £♦0 03 
H © rH rH u o 
Jh 
o to 
<JHC 
O © #4 
U B U ( *d IO Tf 
O E O CO © 4 © 
M M n w «02« ❖ ❖ 
to o IO rH 
4 4 4 
to to 02 
o> o> 
o 
tr> 
& 
o 0 o 
i?2 
44 
tj io 
© ♦ 
« 02 
❖ 
5 ♦ 
o 
<T> 
o 
ct> 
© 
PO § 
O 
W W 
P *4 
h Q H rH r-t 
Oh r-l Oh Oh 44 O 04 
OH 
O §8 
o « 
o X 
B rH H rH rH to © 
© s ** O 4« 4* 44 © 
SM rH © (h rH rH H O <; 
A S3 P © o to o 
•p P O B £• 1 0 -P 
© H q a O 03 O © 
A Oh Hco ❖ HS2 ❖ 
(37) 
© *p 
k +3 H fr¬ CO fr- fr- 
8 
fr- 
P C H ee CO IO fr- 
O © © • * 4 4 • 4 
to O «P cr> co CO CO CO IP 
k k CO co CO CO CO CO 
CO © o 
^ P< s 
to -p 
5 
4 0+5 
u 
*$<0 0 
03 p« E 
CO 
CO ♦ 
CO 
co 
IP o 
03 Q 
«• to 
H H 
«* 
O H 
^ to 
© <4 
§w 
to (0 
•P P 
© rH 
hi Pt 
to 
P[° 
^ p,8 
°o» 
J-. O H 
*CH 
*• to 
T5 ip I © 4 03 
« 03 W 
© 
P 
H 
88 
CO H 
44 44 
H H 
2*? 
O 03 
to 03 
8 
o> 
CO 
© 
P 
H 
P. 
oo 
88 
rH rH 
44 44 
rH rH 
O to 
tff" 
rH O 
H O 
© OrH 
P i* 
rH Q 03 
© P«< C3 
-rH 4 
Q O JH 
I O O © 
SrH^JH 
to *• P<,Q 
i 0- H P 
(flO PH 
©♦so O* to 10 
I 
rH O 
•rl O 
H Q IP 
© P,< rH 
•H 4 
OO ^ 
I o o © 
S H to H 
to '• 
I ^ rH P 
© C3 p rH 
§ eO (§ 03 
O 
IP 
03 
•* O 
rH O 
© CO 
8 § rH 
'*3u 
© © © 
jcS © © 
+3 P J- 
©rH P« 
to PCO 
«A» 
V 
CO to CO 
o> fr- c5 0> IP IP 4 4 ♦ ♦ 4 4 
00 CO CO fr- fr- fr- 
CO CO co co 00 co 
o 
o 
03 
© 
P P 
£ cU2 
a © 
Co© 
k O k 
H < 
4 4 
•d io «p © ♦ © 
a; 03 fee 
❖ 
i 
rH O 
Q H O 
P OH 
to ** 
^ Pt«<0 © <; to 
H O * OOP. 
I H O © 
3 ** to H 
to CD P,Q 
I <£> rH p 
© • PH 
© <o S O 
WH to W 
❖ 
o to 
ftp 
© 
3 
^ ° 
o 8 
C0 H 
44 «. 
H H 
O to 
k I 
O 03 
to 03 
I O 
H O 
© -rH H 
P O *• 
H <£> 
ftQ CD 
© < • 
HO H POk 
I H O © 
0 *♦ H 
to CO PtrQ 
© CO J5 O © 
co h to 03 ^ 
❖ 
I 
H 
w-hO POO 
H H PtP ** © <03 HO 4 
Q O k 
I H O © S*- to H 
CO ft-Q 
I <OH P 
© * P H 
© CO E O 
03H W03 
© O O 
P H 
H Q •• 
© p, <q o 
H 4 
QO t, I O O © Ah to h 
** a. to 
I 03 H p 
© fr- p H 
©•SO 
03 to 03 
038) 
« S4 
U +> «h 
gg-5 
03 © o 
ft S 
$8,1 
. •; 
b 
tn ia 01 -P 4* *H 
d «H 
O © « 
^ 043 
d d 
© O 
03 Pi fi 
*\ * *•• . * • * * ar'C.'.v 
XXOx -.lolMyc c .J' ■ 
Vi?0E‘: '*j : ‘i - 
1 no 
•** A . •-• 
- i a a / V 
TO 
r-i 
O 4 
t- 03 
O 
w 8 
.HH 
£ ft SH 
o o 
d O d 
< H P 
44 © 
•dio C 
© • © 
(XjOltd 
* 
o 
♦ 
tn 
co 
8 
03 44 
H 
§ 
© 
5 
a 
* 
CO 
.H 
• 
in 
oo 
i 
h o 
•i-i o 
2°H 
J3 44 
HOW © ft <0 03 
•i-i 4 
QO d 
too® SHdH 
lit] O * EO 
m o> M to 
. o 
• • 4 
o 
co co 
© 
8 
03 
2 O 44 
HI O H 
ft 03 
4 4 O 
OH 
8 H 
O © 
H d d 
P © 
o © .3 
d d P 
o © © 
d Cd dl 
J i? 
./ 4* ;w r4c J’0., 8DM 
o -1 i ■ c? .-• iio- r-o • r 
- ^ i Si ' 
00 ♦ :: ,y. C c * r 
o • 
tn a v 
03 o 
■T>,. • «*» 
•• <o 
H H • | 
-4 *• * • " 4 * V - 
O H 1 
•'V .. *• 
«• ‘ V v* > — T ^ 10 * 
1 
© tn 1 
S03 1 
43 3 
V 
l 
© rH 
i-3 ft 1 
* 
in 
co & ■p 
4 4 ( d 
o o © 
CO co 1 & 
«rf 
O 
in 
03 
*• 
H © (O 
44 
£ 
s o 
d o 
< H 
44 
•d tn © ♦ 
§?N 
s§ 
© © © 
§•*$ 
x! m w 
•p 2 d 
3^ ❖ 
:■ .*J'o•■: 
i"' T~)- MO 
te 
s* 
© 
© 
S 
<8 
© 
#11 
#1 
•4 
o
n
 
to
m
a
to
 
p
la
n
ts
 
o
u
td
o
o
rs
 
O 
CP 
O 
C i 
<:o 
i 
m o 
' ■ 
' D 
' ’ o Q 
+• u »;. P P 
’> #-5* - -* 
• *. J ~i 
Tafcl® VII 
f-l 
O 
i. 
Insecticides and their combinations arranged in 
order with respect to the time periods following 
application at which their maximum effectiveness 
was observed. 
Only reading taken 
c 
2-72 hdur reading not 
I s*< c * 
3 - On tqmato plants outdoors; only reading! taken 
*.*• '£> 
nj 
V 
f., 
• < 
o 
o <’• r D • ‘ 
taken 
I 
{ ■'ii 
1 -3 • il 1 C. 1 c 0. *... r!- , ? 
CO O' 1 t. , IV i v • j. » f) M 1 » » 1 * ♦ * tp »*■. c,." 
o ! s 1 S C4- o 
1 1 fr o 1 •*. 
1 • 1 o «;*> 
. 1 1 f ’■ \ • 
(i) o 1 » 
•O 1 ; j 1 » >'«$ 
4/.j 1 > ' t r A 
1 o ♦ • i • » • 4 • : ( l ! •» CO f—* 
1 04 O * • h Qj 
* • O > O C h ■ O • • f: : 
*5 4 » 1 'i j :* \ ' (0 t i • i ’• i 
cu l> V | t * . t y 
1 r\ 1 • ‘ < /• • b* o 
«r» i? O P 1 o » V V, 1 O o Q .: 
II. 1 r I- i-* - p 1 1- ( p, 1-1 IK !■-< »4 c 1 
1 —> 1 . • b *• ‘i ! i 
1 o 0’ f < * « » p t • i l ♦ # 1 
1 • g -• . j ; •' i *i * ; * «. • 1 5-;. 1 
1 »'1 *-■, o * 0 1 G ♦ G !> 
l • 1 ' r-?« > #»*• 'I fyj 
(39) 
H 
03 
4 
cr> 
h* 
CO 
cr> 
O 
0 8 
P .. 
rH rH 
£ P, 2rH 
O O 
U O t. 
<C H -p 
• • 0 
TJW C 
0*0 
KMOk 
O 
O 
0 
2 O 
rH O 
Pi«H 
• • 
O rH 
o 
o 
0 
•H 
p 
I 
p 
f 
0 
0 
(9 
m 
3 O 
rH O 
PirH 
4 • 
Oh 
o 
rH «H 
•• o 
H 0 
U 
O © 
t. E 
O E 
PM 
O 
O 
o 
0 8 
J3 •• 
rH rH 
Or 
_ P* 
O 0 
o 
o 
to 
to 
4 
CO 
o> 
0 
3 
rH 
Pi 
o 
o o 
o to 
O rH 
rH *• 
*• rH 
O 
t. 
o 
►4 
to 
I 
CO 
W 
O 
H* 
• 
CO 
C7> 
0 
I o 
rH O 
0 «H rH 
P O 
rH tD 
P.P tO 
• 
o O X •H O rH to rH rH 0 P O ti 
*# o •« 0 1 rH O © 
rH 03 rH ti E *• P rH 
tl <5 P to Pi© O 0 
t, s 
O 
t +> 
1 to 
0 * 
h pq 
P rH 0 
P IH 
O © 
P&5 
© to 
O 
o 
I 
rH 0 tH 
P O 
O 
o 
H 
*• 
03 
I 
O 
o 
Pip 
© <*; 
•H O 
Pot. 
I rH O S •• si 
P 0> P«.Q 
< °*H P 
0 ♦ P «H ©Oi g o 
»w«(0 
0 
© 
.H 
0 .rH 
P Oh 
H *• 
O.P (^ 
H 
•HO 4 
?o u 
•H O 
i§ lo H;© 
© to S o 
CO CQ p CQ 
© 
eo 
rH 
4 
CO 
<T> 
o 
IP Pi 
03 0 
•• iit« 
rH 0 
0 
O ** 
C 
H* 
© © 
C 
0 o 
Jp 0 O 
-P 2 03 
0 rH *• 
P Pi rH 
03 
4 
CO 
o> 
o 
to 
03 
• • 
rH rH 
O 
^ 0 
m C 0 0 
qo* 
0 o 
*3 P 03 
© rH ** 
P PirH 
O 
O 
I 
o 
o 0 -rH 
P O 
rH 
^ PiQtO 
® ^ CrH 
*H O ♦ 
POt. 
I iH O 0 
B ** XJ rH 
P CL.© 
* <?P P 
0 ♦ P rH 
® to B o 
Wh pp 
to 
CO 
4 
to 
cr> 
o 
o 
rH rH 
£ Pi 
O r-| 
t. o o U o m 
< cH ti 
*• 0 
TJ IP S 
© 4 S KWH 
4 
CO 
o 
o 
IP 
03 
§ 
0 
0 
3 
0 
P 
o 
o 
I o 
~ *H o 
W *H rH 
P O •• 
rH tO 
_ PiPtO 
© <C 4 
•HO rH P o u 
I rH o 0 
J* ** P rH 
P to Q-trQ 
I to rH q 
«3 ♦ PH 
0 to E O 
WH P CO 
co 
4 
to 
o 
o 
CO ♦ • 
tO #—I 
p 
rH Pi 
^ Pi 0 
O O 
P O CO 
t. o 
IP Tf 
0 4 0 
PC 03 cq 
03 
4 
to 
o> 
o 
OT 8 
Pi 
P. 
O « 
O X 
to 01 
o 
t. 
<: 
«• 
£♦ -p 
o 0 
P It 
O 
O 
I 
rH O 
0 *H O 
POH 
rH i* 
PiP to 
0 tO 
•HO « Pot. 
I rH O 0 
E ** X! r-t 
P to cl,© 
! OH p 
« ♦ PrH 
© to E O 
(40) 
^5 OT 43 
43 *H 
CrH 
O <D CO 
O -P 
Si P* 
woo 
t- CUE 
in 
tO 
• 
in 
cr> 
« 
2 
pu 
o 
o o 
o to 
O H 
rH •• 
*• H 
rl 
O to Sh I 
O CO 
P CO 
to 
cr> 
o 
o 
H 
• • 
in 
4 
03 
£ O U 
u 
< 
T3 O 
PC 
03 
<T> 
o 
o 
in 
CQ 40 
£ 
o 
u 
u 
< 
TJ 
o 
PC 
to 
a 
M O 
o 
03 in 
2 rH 
rH *• 
PUH 
© +3 
Pi 43 •H in cr> to 
2 2 rH O to 
o © © • 4 4 
x$ o 43 in 03 rH 
p« P. o> o> 
CO © o 
PU E 
00 CO 
* 
CO 
CO 
o o 
in o 
w <o 
•• rH 
c co 
<0 
xi © 
•P £ 
© rH 
P Pi 
t- 
to 
4 
CT> 
CO 
4 
00 
© 
2 o 
rH o 
PU03 
• « 
O rH 
o 
CO rH 
*♦ O 
rH U 43 
O © 
P. c 
O © 
P Pu 
oo 
co 
4 
co 
00 
4 
to 
00 
o 
8 © © 
2 O 2 
rH H o rH 
© PUH PUO 
2 PU *i O 
,H <0 O rH O to 
£ P..M o O rH 
O © rH rH rH ** 
P» O © ** O *• rH 
P« O P. rH « rH 
rH <0 U 
• • O © o to 
•t* in 43 U B u i 
© 4 © O E o co 
«03 feS »-4 M P CO 
rH 
>3 
© 43 
2 d*H 
o © « 
X5 O 43 o o O 
p. u o o O 
© o rH rH rH 
03 CUE 
1 
rH O 
©.HO © © 
2 O rH 2 2 
rH 4# rH rH 
P.Q tO Ph Pi 
© <; to © © 
■H o , * H O <rH O 
OOl^M O O rH P O rH 
1 rH O © 1 rH O O 1 rH O 
E ** X! H E *<* u o E - Pi 
W tD 04^3 W to 43 H WrH 43 
1 tO rH 2 1 03 © 4* i <y> © 
© • 2 rH © 4 d 03 © ♦ d 
© to s O © t- © to © 03 © 
CO H W 59 co to ft* 4 59 03 o. 
O O 
O O 
rH to © 
1 
rH O 
•• rH 2 *H O 
in •• rH © O rH 
♦ rH PUO 2 •* 
03 o rH Q 03 
£ 10 
o to 
O rH 
© P4<J 03 
<r4 * 
o 1 ID 44 oou 
U CO 4* rH i o o © 
P, £0 rH E rH x: rH 
< OT o to 
M 4. 
1 t-H 2 
TJ 2 U 1 © O 2 rH 
© rH o CO © ♦ E O 
PC PU hi CO CO cr» P CO 
in 10 in 
03 03 
4 4 4 
o> -q* to 
CT» 
*o 
© 
43 
o> 
o 
1 © in 
rH O « d 03 
©•HO 2 o .4 
2 OH H <M (—1 H 
H 44 
PUP K> 
PUH 
2 
O 
o OT 
^ U © <c to O ©O 
HO • o o ^ © 
POP. H E H E 
o 1 H O © 44 P 44 © E 
o S *♦ Xi H rl -Hrl C H 
rH M to P«,Q d © o 
* • 1 to rH 2 xj pop, si ©o 
H3 2 H co © 4 3 H © Jh e © 
to © to E O © O S Q © H *4 
4 CO H W CO 55 P «; © 
to 
P PUH 
C41) 
01 P 
U -p -H 
P P H 
(0 
P 
o o 
f 8 
02 © 
A E 
U 
o 
t*3 i. X V* ©IdFaT I 
m p A 
U P *H o r- 1 
P PH 02 c« a 
O © © • 4 1 
^ OP <D to a 
to o & 
v CO j- -■ - 00 ■, V 0 fcSfcrBVi 
t’i ru A -l. I- J i, 
i or .: .* L 1 * / »•-) f • r. *«/ < 4 - 
^ p, a % r A [ r o or - •**, 1 5**0 ns 
: - V ■ ■ : ? O t rn r ... V *■ .• « H* 4* • •'**• f *V v,' L: |J oo3n 
ir 
1 IO « " j. .V • At >o i tC 
H O 02 1 
•H O o 
w Oh rH O 1 
P *- © to 
HQIO Q C 44 1 
© Ot<C rH 's* © rH 
•H 4 Xa 1 
pot. P p 
1 o O © © © © 1 
E rH rd rH a*ira 
W 4- CU£1 as © 1 
1 p 43 © © 
© 02 2 rH P 3 p 1 
to<o w& 
© rH a 
P CVW 1 
1 
0 P © 
U P *H o <0 o o 1 
pdn rH 02 in in © 
O 0 © « 4 • « 1 p 
op 02 CO t- t- 
P u o> CO 00 oo 1 p 
*4 © o P o 
02 P« e 1 © p 
1 i I ■s WD 
to 0 H H p P 
P o p *H O iH O 1 
rH O rH oo ©OO 5P TJ 
P«rH 0,0 H P H 1 CJ © 
*• 
o § 
P ** H P 44 •H © 
O H © oj <: 02 © n,<; o- 1 p 
O O H .H p 4 H ♦ « 
rH rH 00 •• P rH P p o p 1 © p 
44 O *• rH 1 P, o © 1 O o © P p 
rH M rH • B 43 H S H 43 H 1 o 
U Wo CL.rO W 4* CL,,Q >> 
O © 
P S 
o to 
P 1 
1 OH P 
©H PH ^ 3 H 
1 
02 
O E 
PH 
o CO 
P w 
© 44 g O 
co in w W w^5l§W 
1 o o- 
to H H 1 H 02 to 
o
n
 
to
m
at
o
 
p
la
n
ts
 
o
u
td
o
o
rs
; 
o
n
ly
 
r
e
a
d
in
g
 
ta
k
en
 
r^
tr
G
u 
t 
a 
o 
• d 
V J 
Increas 
as shown 
.1 
-4 
•f 05 
t i-> 
H. D. 
r> y> o 
<G* 
> V V- ^ 
.? a 
o r> JO 
‘v> j* 
Table VIII 
-3 
» 
-i 
O fO 
+ GJ 
s' 4 M 
i i' i * • 
»-» i •, i 
in effectiveness over a period of 
_.... by the mortality produced by 
insecticides at the end of 24* 48* and 72 
after spraying* 
C*. 
c 
r» 
O f; 
o 
c*i 
iD 
A 
o 
CO 
at i-0 
< . 
. hi 
. O 
*- n < 
i ■ * a 
o a 
f.. l i~! 
10 
Cp w 
. 
c; f i 
H. 
l-i < to 
* • ' -* 
Cil.p V 
! . • ' 
* 
o o hi ». 
a o 
.<> o p, 
!$!#*» 
:i f • *> 
ijiours 
h** 
o a 
I 
h, li 
I 
»*■> 
<•* 
»\ y> 
, i-~> t? i i , ’•> u 
o ■ ' * ro 
<’•; .< [.v c.* ?•••> 
)r* 
* 1 
1 0 
ai 
• 
O 0) 
to 
O 
hi 
1 '"••f 
hi 
o 
y*r» « 
* 
-1 
« 
10 
* 
' ) v.|. 0 
(4 
« 
<4- 
0 *-v 
•p 
1 
1 
r • Co /Ti r0 •4 *-» 
O Q 
ri 
» * 
I h-» 
i; i • 
C C o 
»- •; 
• * h‘> 
-3 'r : 
• h. 
^ c r 
i 
i r i- . 
r » • • i . 
q hn V; I h i ^ -0 
C r’ ♦ w 
rtf' Hr 
Hi 
I H 
o »• • 
r~- o 
f 1 
• • ! 
r •. CO J> 
♦ C l-p 
♦•3 !■ i ■ I 
I-** *-• 
o,.a c 
^ Hi r i 
1—i a j—i ,j 
.. a 
- j -i j r ! i 
. •< 
r? 
•» 
' l 
< »- • 
» . 
u. o 
I ■ 
.. ( ! 
h*i * * 
Hi 
. ‘1 (i I .4 
cs 
:■ ? i 
w O ; 
a hi Ki* 
• • 
Ht «• ■ 
a 
>-> ! •*. O * • 
a !- i 
a 
o 
: * ,i 
•’ c. h f- 
C-i 
W 
.1 
10 
fC
f
 i
 
i-
 
(42) 
w +3 
U -P .r-l §81 
A o p 
CM © O 
0*E 
H CQ 43 
O 43 .H 
2 o 
A 
CO 
S3 
O 43 
O O © o 
P, S 
fei to 43 
43 *H 
0 rH 
© © 
O 43 
U U 
** © o 
62 P,E 
I 
.0 
< i c * 6' 
. V : 
N. CO CO to IQ CO tO 
» * * * • 
^ X* CO to ^ 
a> co co co 
^ H © tOrl ©W 
co CO CQ 03 ^ tO 
«•*•♦#*• 
tOtOtOGJO>tOtOtn 
a>o>o>o>ococr>to 
to co o> «h t- to 
03 IO ^ «H o to c- CO 2J 
«rrS*?*5 .*5t.. * • ♦ 
COlOOOOC-OCOtOOOOWtOcOO^lOtO 
o>coco<o^t«Ocoa>Ocr>cj>cr>tocr>co<T>co 
o t- to to a> oj 
03 tO 6s- t- CQ tO 
^ K) O © H H CT> 
IO CO rH 00 cr> O O 
inotocotoooiootooc-totoc-Qo^to 
C0C0t000tMK)'OO> QvGQ tO tO CO tO CO b- 
ry 
J X '••* X A* V 
~nOi.A, U. oo f: or sr;:-vOOL.iii 
? f f* ***♦ f j t.jL\ C f f ~ l*£ ■ i J. c# •>- . • ■>. V ,v - -I 
- ~nr> o A—\ V*/ . # '•** i v •-, , j\. , • lb*J 
to 
4, 
rH 
O 
© 
T» 
© 
: . u 
O 
o 
co o 
x:-] e? ovi j .,? eon x 
■\'T A . f*. «k» c • 
A 
o1 
© 
& 
t. o 
0,t0 
CQ rH 
• • 
O O 
o o 
rH rH O 02 O 
•• to •• o P, 
P,rH rH rH tO © 
« *• rH M o o 
1 
o 
o 
© rH 02 02 O rH rH rH *4 © o o rH 0 o o 4« • • CQ O O rH © rH rH « • 
© O o o rH rH W CO U U 4« • • to 
43 to O 02 rH O 
0,0* 
C t, tO 43 < to to to 
43 I to O 
© to rH rH rH to 
CD ^ © tO rH to 4 
© © *06^01 43 4 4 rH 
►4 03 ** 
HHH 
W 0} o o 
£3 J3 U © 
rH rH to *P 
Aftl ® ® 
<0 S i SO © s 
a. m 
o o o 
to to to 
02 03 03 
4* W OT 
rH © © 
O U 
<: <; 
to | 43 43 
co © © 
CQ £5 PS O 
© 
m © © © 
0 0 P 0 
»H «—| i-H «H 
a, o, o, o. 
© 
0 
03 
H 03 01 
9 0 
£L,rH r-H 
0,04 
o _ 
o°o 
o o o 
rH Co to 
© © ® •# 4* «4 4. 4* 44 
r-t *~t r-t t-t r-i 
ri H rl H 
3 § § 
^ ^ 
S 8 § 
5 
333 
43 .0 
43 43 
O o O 
u U u 
333 
o o o o 
o o o o o 
to © 2HHHHH 
0 £ 9 44 «• *. 4* .. 
HrHrHlOlOtOlOlO 
0,0,0,* * * * • 
02 03 02 02 02 O O O OOOPPPPP 
tO to rH O 
H 
u 
<q 
01 
0 
H rH 
O, 0,0 
o o ° 
o o 
rH rH 
2 © 2 © 
rH 
P3 »H *H H. CO TO © 
0 rH 
rH 43 0,43 0,43 
0,0 3 0 
rH O rH O rH 
O O o o o 
CO r-H 03 rH CQ 
I ♦* I 4* I 
rH tO rH tO 
•rl tO *H tO 
0*0* 
to to 
Q rH 
<c 
rH
4* 
02 
ID IO * 
• 4 tO 
02 02 
O O 
U U 
O O Q 
O 
u 
© 
P P H t. 
9 
S 2 2 2 
u t, u 
'd'd'dTJTJTJ'd © 
©©©©0©0© 
«rl 
o 
Q 
<q 
© © 
^ *H J, 
opo 
43 I rO 
0,3 0, 
© a 
Q 
l 
o, s 
E © E W © M 
SQ 
Hi V 
»•'« (« (U h U O' i o s0 03 o 
*«»«*♦*• 
t c- o> . o .:' ^ j 
< ;j> v. • f0 *v'1 3 
i 
; I r:.» O- ~-j 
Q> t’> »iT Ol 
• • • * • 
>t~ . J 0 • 
C ' « ’ J. >0 
x o 0J ■ •? Hi C’ ■ ? ■> i 
1^ HO : » Hi *t O' 10 
♦ « « » « • ••««• ♦ 
o ... | . , Co C» i.O •;*« O C' 
<v> fT% ; | <0 <*c o <0 
Hi Hi 
j • CO -O Hi Hi ' .0 1 f 
ro it' O C'j i . 0 r-i v J 
• • • • 
a> • 6
 > * | f *"* ^ 
fO 03 _vj no oi Table 
O' 
c- 
V* --3 
, 1 I 
i. ) -1 
t '> r I—i 
-3 -3 Hi 
I -•» —CS H » 
• * • ♦ 
O' O ;; a 
• (o O 
‘ ) - vl - 3 o o ■ • : -j -3 cv i y *. ■■• 
• r- -• o' t -•! 
• . ' < r 
I c .y OJ I' V*. v’ 
V- , f> 5 ; 
•» O O 
1 ■ c i:>. 
O ;i> *0 
1 »' •'.) 
u ] c*. CO 
I r - • b ^ 
h. D ' , 
>o f*> 
If-; O J. . 
U* M |h © O 
-a 
r f h a ! i ^ 
h ‘a <; 
1 /> cy o O r 
I© -f> 
, ) to 
Insecticides and their combinations with 
spreading, and emulsifying agents which 
ineffective as killing agents for mealyb 
* On tomato plants outdoors 
oi 
• * 
Hi 
i 
to ( O' 
o C i <: «. ** 
r . 
o> 
9 
H 
C, 
O 
h~. 
• • 
cy 
r' 
c h . 
Q 
« * 
Hi 
V> ©•> H-, H y “ 
• • * S* • f~-i 
. ? *0 ( V 
rc. 
C»i • ‘H 
c> i 
o 
cr 
p 
o © 
O? 
w 
© 
V--' I • H ■ l * 
r c, r 
v; S 
t*■% 
I- O H ? © .' > O ' 
r h" i i • * i • • i V- Cf • • -> ! 
> . f 1 > f~ 
. ♦ ■ * <. 
Hi >-<i H*> H 
c 
* • 
¥ 
o 
I . ►J » 
/ i n < 
O 
!•'. I-W 
I 1 *0 I J 
•— ► * »-X 
» H-i J «- • 
• i - i 
r VJ r • ^ 
\ \ Cf) r -; 
t l:- tr » 
ft ‘rt *■■', ' , \ ■ >- i • I 
> < »c. (* 1 ct 
: 3 o o * 4 
Hi c 1.) Hi o 
• « • • c n 
! i H- o t. o 03 .. 
» t O' Hi C *' i. i ( ■ •* 
IS />/*•■ c? 4 4 4 • c» t f )* 
> f v:> > a j H » * ’ i i * r V 
•ft o V. ► . Hi • * t, 
n 
% •. © o « • Hi h 
© ti> Hi o O ro r.' 
ra rv 
• s a V-1 C 
r* * • • i f-f 1 t > Hi 
V V -i (1 r»> 3 1 
u*>. c ». • 1 } *■ i 
O’ ri/ *. ? .4 tl- ,1 <.) U Ci 
o r i C~i - "0 1—’ » '1 . * 
to j r.) 43 
h -i Hi l-, r.} o> ro Hi D 4 4 4 • • 4 
4 • • * o •; -n * i i-J V 1 !—< \ 3 Hi 
i i i * .0 H-- Hi V . I i /> ♦ « ♦ ,C • ,r.< >/4 
! f.3 Jl no r o ; > C 1 
<; • •; > t.) o * 
J o C f (' C j I4;* ♦ 
o (' k' hi’ r; * j f H-i 1 1 
^ •* •« • • 4 4 4 4 » « CTJ 
H i i ? > -i H-, . H- . > 1 Hi H 
*.  >•» 
•». 1 
?3J 5 
C > o O O **• # 1- H 4* • 
* o* . i -i v-1 ►A P . • 4 f+ 
, (]> •I> <' o o O o O f © O © \ , 4 f + r r t- f t { 
24
 
h
o
u
rs
 
48
 
h
o
u
rs
 
72
 
h
o
u
rs
 
p
er
ce
n
t 
p
er
ce
n
t 
p
er
ce
n
t 
D
il
u
ti
o
n
 
m
o
r
ta
li
ty
 
m
o
r
ta
li
ty
 
m
o
r
ta
li
ty
 
(43) 
to 
X 
u 
to 
S 
<D 
W O 
P P 
to 
S8 
K O 
•H 
6 m 
C 
H O 
to *h 
U «£ P< 2 
m H to *h © *d 
to H 
JCJ p 
* 
o 
Xi 
to 
p 
o 
CJ 
to 
> 
*rl 
P 
o 
to 
to 
XX 
to 
•d .a 
p 
s 
o 
to 
s 
£ p as 
O © p 
0£> 2 
CQ O 
“ O <° 
H p to 
t- 
cr> # 
<D 
o 
<o CT> oo 
4 * « 
t- cr> in 
<o to vO 
O 
o o O o o O o o O 
o o o o o O o o o 
rH rH rH H rH rH rH rH rH 
44 • # *4 44 4 • 44 44 44 *4 
02 rH in in rH in in rH rH 
4 4 4 4 
2 o o o 
4-» <W 
to « to to £ 
® © r-< © . H © O rH 
M M O ►4 X o ►4 u O 
to to to o to w to U to to 
P $«4 x s p a t* ,!4 3 **; 2 k 
o OH <D o H to H ® OH H© 
to « Or E to n„o p<e to p4*d di E 
rH 
ra S3 m m § m a & 5 o 
24
 
h
o
u
rs
 
48
 
h
o
u
rs
 
7
2 
h
o
u
rs
 
p
er
ce
n
t 
p
er
ce
n
t 
p
er
ce
n
t 
D
il
u
ti
o
n
 
m
o
r
ta
li
ty
 
m
o
r
ta
li
ty
 
m
o
r
ta
li
ty
 
(44) 
w 
a 
as 
E 
0) 
« 
fro 
© d 
c © © 
*H £ > 
E w O *h 
-h d jd p 
H O « O 
<D -H <D 
ft 3 o 
H W O 
© *H d 
© T* rH «H 
J3 <w O © 
EhOP,Q 
o 
S3 
o 
E 
• © 
M & 
o o 
© 
> 
© CO OT p 
XI rH o 
bO © • © 
*r-4 p ~ OT <M 
© 
W * H <H 
© (SO © © 
•d p p o bo d 
© o t4 
a d >>C0 CO 
u © 
© >> 
p p 
© © O ,Q 
C flP 
d *rl 
-HO O 
P H S -H • P 
O © •H P N 
O P rH 2 O © 
d © rH -H 
& o 00 X! p 
<o 
00 o 
00 
to 
cr> 
00 
o> 
* 
§ 
* 
r-1 
o 
CO 
'i 
© 
«r*4 
d 
d 
s 
O o o o o O O o O 
3 
o 
rH 
o 
rH 
O 
rH 
o 
rH 
O 
rH 8 
o 
CO 
O 
CO 
44 44 44 • • 44 44 • • 4« 44 
00 
* 
IH CO 
• 
rH Ifj 
* 
H H H rH 
•d 
© 
p 
a 
o 
H 
S 
H § r*4 O H M 
X Q *rj O © o o 
© © d 
ft 
© © d © © © o 
E3 8 
p p © 
-h d d p © P rH S d rH © © d ft E o d ft E d Or E *Q © <Jj 
Q * ; © © M Q # S A 
© 
•d 
•H 
o 
© 
p 
o 
ft 
04 
« 
• I TJ © 
•H © d 
o d c 
© rH 
P ftp 
o © 
« & 
(45) 
w 
ta 
E 
© 
« 
p| 
P PI t£) 
O © col * 
£$ O P fH 
H 
to <D o| 
fr- CUE 
W Pj 
to to 
PCH CT» to 
o © « • ♦ 
A o P o H 
U til rH 
00 © Ol 
^ CUE 
03 P| 
P P H to 
P Crj tO t- 
O <D (0 • • ♦ 
XJ O P CO c*- 
h! Hl 
^ © o 
to El 
O 
Q| H HI H r-( (-| 
© © H © H P p o P o 
O on© on© 
95 PC 3 ^ PC P u o o *-t © OH© 
o O CU S O CUE 
a a s 
H E 
a m 
fr- 
t- 
to o 
to 00 C- 
cr> o to 
• ♦ • 
rH 10 O to 
* • • 
to o to 
o o O O O o O 
o o O O o o o to to to to in in to 
44 4a 44 44 44 44 4 • 
H H H H H H H 
CU 
© 
.id 
© © 
P © 
8* 
0 « 
P © 
© © i i 
s 
o 
o © u 
K 3 C 
o H 
o tn u 
PC 2 
O H 
<2 
<8 
P p O CUP o cup H H 
V*/ 
g 
a g S £ £ £ 1 s 
P
ro
d
u
ct
 
w
a
s 
r
e
c
e
iv
ed
 
la
te
; 
o
n
e
 
p
re
li
m
in
ar
y
 
te
s
t 
d
id
 
n
o
t 
sh
ow
 
th
is
 
to
 
be
 
e
ff
e
c
ti
v
e
 
24
 
h
o
u
rs
 
48
 
h
o
u
rs
 
72
 
h
o
u
rs
 
p
er
ce
n
t 
p
er
ce
n
t 
p
er
ce
n
t 
D
il
u
ti
o
n
 
m
o
r
ta
li
ty
 
m
o
r
ta
li
ty
 
m
o
r
ta
li
ty
_
R
em
ar
ks
 
(46) 
to 
to to 
• • 
03 10 
H 
*0. O o : 
) \ ". & C 0 
f rr **r 7 ''t rs 
•„: j..? a 
* • t 1 
,o rvf r f n 
o o I 
03 
U 
o o o 
CQ H 1 o 
*• 44 *d 
rH 1 p 
1 
1 
3 
o 
03 
§ 
fH 
CL, 
X 
o 
p 
o 
p 
o 
g 
to 
CO 
p 
to 
o 
p 
<0 
E 
o 
p 
g 
Table X 
K i 
v.) 
co 
;q 
c*. cJ 
<4 H l- *4 
! OJ ■ ‘ , Vi pi *./ —» 
• ♦ 5 O O 
V'i 0 f: o 
n 1.? 
i 
O to O u> 
J 
* 
Wetting, spreading, and emulsifying agents with 
the percent mortality observed, at the £taq.’,oif o 
*+ o 
• >. 
O (J o> 
1 t2, *1 • 
1 . » l -1 
C|. V) 
1 1 . <4* . i 
v. n •• i v -i 
1 » u> o o 
1 
- i o Cfr O 
.4 p 
O CP 
&, 
l-v 
t B »Q w 
1 
1 
n
o
 |V. Im. 
J. t P r «+ 
O C c •-1 '-i 
1 !—i >0 H 
^ ■< • 
' « • ♦ • * H 
J \ *< h C ' 
r 
*-«» 
fc> 
Hi 
o 
» - 
V./ 
c*. 1 o 
4 .J 
r • 
vv> o 
1 c > 
O 
I 
t 
4 » 
o 
« ■ 
1 I. • 
:• o 
% 
* 1 ■ f, 
(47) 
© 
*n 
d d d d 
if 
43 
XJ 
«H *H 
© to T5 *a T* 
•H © © © © 
© P, 
.d Xi A Jd © 0 0 © 0 O >> 
r—( © 43 © -p >> 43 ra +3 © 
rH >> © « © © u © TJ 
© « 
•d 
,d © 
»d 
.d *d A 2 
0 
.d 
© 
© © © © «.d © © 
to X to X taO d to to u 
tQ*H tD*H t0*H to^ to ^3 
tei « w tei d tel 03 tei p 
*3 
W 43 
+3 
C rH 
O © © £} 0+3 d t< 
03 © o 
o- o«a 
>4 © 43 
U 43 >H 
flH 
© © 
O -P 
d d 
&§ 
0 
o 
.d 
5 
© +3 
U .h 
2 CJH O © « 
.d 0+3 U U 
^ © o 
03 
•P 
2 
« 
CO 
03 
4 
03 
to 
co 
4 
rH 
'j & .. £ 
♦ 
to 
rH 
lo i 0 2 
.V 
_ c‘ .1 1 . . . Vi.J ; ;/i;. • .■ U «,■ ’• 0 
** ••• ''."to JU ^ w C»-h Cl K CO <0 ■ m 0 v io I \j t 
t*- 
• 
03 
4 
0- 
• °5 * o.crr c 
- O 
4 
• r.t .‘1 
cr> 0 0 rH If) 0 to O 
iH rH 
<0 S3 
ct if) CO 0- 03 to 
if) O to C^ 
« 4 • ♦ 4 4 
10 rH 03 O O O 
^ -v. •-•> V w *✓ i * * 
;v.- 
O O 0 0 8 0 0 0 O O 0 <£> s O rH rH 03 rH 03 
*4 *4 44 44 *♦ *« 
H H rH rH rH rH 
© d u U 
P4 o« © © +3 3 © © © 
H H 43 •X © 0 a & O 0 © © 1 1 © 00 U b «% 
© to 
43 
© to © (4 c 0 M 0 X 0 E d 1 •P 4* © © © 
a 1 s. CO CO £ xj 0 S X} 0 
I • 
Ol 
» 1 
Effect of wetting agents on the toxicity of 
insecticides to mealybugs, based upon the 
mortality producedt 
~'j 
o 
o 
c> 
< > 
v. 1 
U1 
o 
* 
14*» 
"1 
♦ 
O 
!*> n ti 
J hi* i-i. 1 r V 
U, 
tr i ■ * . »' • i J) 
T> (0 ($> > ► • : *• - 
I o o TO o 
» 
o 
<) 
■U 
»1\ (, CJ ^ J £ ’ <0 Cf 
t-.> w> *..• <.• 
» . „ .1 
.*.T> 
* 
* * y \ ► i y» » ■. 
U, 1, 1^ rt i •> 1.7) f/l i • 
U) o / ' t* 
.( 
O 
> 
T . 
O'**, 
a 
V t 
ro gj 
•• 4 • : 
*-s 
l\ - i| .* r * 
t' % 
* Uw 
r S 
c-t 4 M * < 10 
1 
*• ■ ? ? 
A 
C '**» 
f'» 
V ' i CO 
1 . . 
• 
1’ ■ 
Tabl$ XI 
• L * 
i •. :o O 
. 
.-i 
r;\ 
M 
I 
*4 > ') to 
(-h 
K« 
f -r ; 
f ♦ ft 
'• r O 
* ! M O O 
J. 
« 
i 
•f 
j }• . C-j. 
!!•> r- 
»;> 
<" >■ o 
,-1 »-? 
O 0) 
r- r> 
t : 4 ! 
10 
o 
>*• ■ 
-ix* 
i 
o 
vO 
o 
c > 
o 
(. ; c 
O o 
h 
o 
J •,. 
Ci- 
r» , t Si r\ C 
.0 0 h-. fd »-> Kn 
« • • • «• • • • * • • K* 
It * Q 
A % 4 
1 
• - A-l 
'!> c; ^ 4 
c+ C|- P) ¥n 
r.*> 
o 
, b Cy Hi l"T 
I 1 o O c.> 
#• *4 > »s 1 (J TO Ki 1 ; Cv «.:i • •. 
c o o f i if,- Cj 
u * 4 J f » i r> 
i , f« •. h"l tv/ <5 
V; ■' 1 -» 4 
o Ci a *“ . n' 
r\ I ; n 
C48) 
© 
® £ 
' 43 v* 
/' 11 
(-• * *3 S A U 
C 
'i • ;.'v 
I i 
nrr id:I/.- 
' «L >• •• I#,.. i- 
.*. Vf' r?$ •*' 4, / *. — ••.• V' I. *. .‘V . 
fP; 
* 
' •. r*- p 
t A 
7i^ L>vi\ 
t' iT 
'XiJ 0X1 
.. »• 
.- T* 0-p i • ■■<'■• f > 
■ • '1 . • ‘ • 
.. .. t .4a* 
3 ” ^ 3 :: rlU 
, * < j .* 
! .■■** •:•' -••> v'-i .• 
w «-> i « i. C1 *. 0 
T) 
© 
+3 
*4 
© $4 
£ © p .£ 4-4 43 
P« 
rH © 
2 
o 
U tj 
O 
tj B © o 
•p a 
o O O 
<w fH H 
«5 
4- + 
4 -P ♦ 
T) 
© 
TO 
03 
© 
U 
o 
£ 
© 
o 
•#H 
43 
O 
© 
TO 
O 
£ 
e 
TO 
1 TO 
© 
t £ 
© 
1 > 
g 1 43 
£ < O 1 © 
XI *d <M 
43 © 1 <M 
© K © 
1 
£ 1 4 I 
e
ff
e
c
ti
v
e
n
e
ss
 
o
f 
in
se
c
ti
c
id
e
 
d
ec
re
as
ed
 
( 
t I 
Table XII 
o H 1 ( h 1 
^ i 
tf) 
o f * • 
*-• 
O 
D* ► 4 
o 
• ■ 
►0 
<:) 
o 
;'5 
j4 
r-i 1 1 
c> »-4 
o V—- 
»’ y o *>'-' 
!.) )-« • 
B o 
It -4 
& o 
t3 •ft* 
o 
r-' 
Wetting, spreading, and emulsifying age 
in order of effectiveness under the thrb 
promising insecticides* The percent mb 
observed 24, .48, and 72 hours after app 
the combinations* 
q> 
J> 
*4 
o 
'V 
O' 
<D 
y- ■ 
O 
O’ 
u> CO 
? J 
it 
.4 
o 
O 
*—» 
o 
«!) 
its arranged 
e most 
rtality 
tication of 
,-i :■: 
X 
tr 
Cl, 
♦ i > 
; ■. o ■ 
u 
"5 
r 
f- 
*.Q 
O 
*~S 
1 1 
C| f 1. 
u C » 
0> co 1 t i 
CO l 
0 ► - 
h . 1-.. 1 
>- 1 1 
c s. 
■ 
% 
1 (,) 
TO U- { 
G o c > 
* 1 »: . 
o o - *» CO 
< < i c- 
1 r Hi* .4 ,!> C-j. 
't- • 1 *■ 1 ft 
(» O *■ V-* 
-» ,0 L; 
<?> (1 | >4 n 
it y i v : 7 i » ,4 *"• r <<! 
tV ►-:> 1 G o G O 
o U> r. r r o 
1 *4 H* 
4 
1 f 1 4 * 
<:■ 
►< <■ I- 
• 
c r 
i 
(49) 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
LETHANE 440 1:250 
plus 
Wet Areskap 
Penetrol 
Immersol 
Le thane Spreader 
SS-3 
1:200 
1:200 
1:100 
1:300 
1:1600 
LORO 1:100 
plus 
Wet Areskap 
Immersol 
SS-3 
1:200 
1:100 
1:1600 
LORO 1:600 
Wet Areskap 
Immersol 
3S-3 
1:200 
1:100 
1:1600 
LORO 1:800 
SS-3 
Penetrol 
tlltrawet 
1:1600 
1:200 
1:2000 
LORO 1:1000 
SS-3 
SS~3 
1:1600 
1:1600 
LORO 
SS-3 
1:1200 
1:1600 
85.40 98.11 97.57 
97.98 96.77 98.18 
97.77 98.21 95.86 
93.45 87 .93 87.50 
80.27 85.77 84.48 
65.67 80.17 88.88 
93.54 100. 
92.10 92.09 
90.47 91.66 
90. 96.42 
38.29 100. 
65.62 88.88 
88.28 79.68 86.95 
25.76 47.94 84. 
59.49 
• 
70.96 
88.73 88.57 95.65 
96.55 97.10 98.33 
71.42 72.42 72.41 
C50) 
24 hours 48 hours 72 hours 
percent percent percent 
mortality mortality mortality 
RED ARROW 
1 
2.5:100 80*85 90.24 <A) 01 • 
plus 
Penetrol 1:200 87*01 98.01 99*21 
Imrnersol 1:100 63.85 92.48 96*86 
Red A Soap 1:800 77*10 90.56 96.81 
Wet Areskap 1:200 89.09 95.75 93*45 
SS-3 1:1600 50* 89.67 86* 
1ST 438 1:1500 33*91 66.19 92*23 
•j'i '•> tr* '* • - A, 
-c .;*r cnidrnoo xle to vo.-oi ox\.Vj . 
- ‘ t '‘ ' c'r • \ . 
loi.v; .... r •k 
AC i- .ICC -.:t li 0 
V. N 
ci C i 
i neo r t 
* 
2 £• 
TL'Oi* ai'icn i*Si 
J/iO j iOt. oTjOCTOC 
ill u -ion VoXIjstf'sorn 
* V- 
•x • * 1 • r O 
r -X O ^ r / ’* r f , * r 
V. • W* J. V ^ * V • ** 
81*« 4 26. *4 j- I: X 
«* • *» r. ♦ v’ r :• ;•. *• X 
V ^ 
^ '» _ - > , 
- W • - ' 0: : I 
\ • 
- ‘V* 
• •-< V OC 81: 
•* *x f' 
•k. • / X 
; :.. C.v. 
o rt r 
W*• V .M 
lore-ten© 4 
Xc-M uv: ;'.'X 
furcr. ... fcetf 
- ■■ to 
* 4 ■• • j oT 
■ , —; 
\* *; % .% 
C . • x 
Cl 
m: 
Table XIII 
Relative efficiency of six insecticidal combinations 
on five species of mealy bugs. 
X - best control 
6 - poorest control 
(51) 
© 
P © 
<$ H 
.P 
P t, PS 
1 O OHO 
B O Jj O O 
Hh P<W H 
1 *« rH | *« 
© to P H 03 
© H E -H 
to mo 
£ H 
£ o 2 o 
i<3©8 
_ ** c •• 
T5 ID © r-l 
© * &« 
K W 
P« 
© 
O «i O 
o o © o b oo 0) 
o *• *35 •• I 
►4 H r-l j 
•P 
© 
*£ 
to to 10 to 
to <NJ 
, T J 
v X. elc 
3 
- 1-8 8 81 
w © •• © •• 
g‘ 
3 °* 
3 §• 
o w o 
© to © o 
SOJ U N 
© © 
P* 
© © 
P, ^ . 
o to © o 
rH Oi © O 
4-t •• U CM 
o rH <q .. 
■ ■: « • ’ /. c 
Ok o.f *j.:&*> :• cr: 
;jy rcY—' or 10 &e*c>e 
GL. ■ • .: ^TrO 
. t j 
« o i .. U j.»_ 
•re svi 
i j>jio 
in * « 4. w 
to to to 
to to to M to 
TJ 
© 
O 
43 
£ 
3 
a 
o 
o 
o 
o 
*3 P 
© 
£ 
4 
M 
g 
*5 
© 
© 
o 
o 
o 
o 
o 
© 
© 04 
o 
© 
© H 
» 
3 
o 
o 
o 
o 
»§ 
g 
© 0U 
'‘w* 
OT 
P 
s 
s 
o 
o 
o 
o 
o Tt 
PS 
© 
© 
a. 
« 
© 
© 
© 
Pi 
© 
p* 
o 
o 
o 
o 
© 
g 
£ 
r-l 
O 
08 
B © 
© 
o WJK 
© 
o Eh 
V 
> 
OJ •■-'J 
Ol 
Table XIV 
U 
1 (•. p 
c. i.. 
i •i ,*r% >• f 
[« ' !- -i o . i i 
O < . 
1 * •. <*') r4 i - \ 1 i 
1 .* : 1 ? K V ^ v 
I • B f-**i r«) 
G m 
hi *• 4 
a o 
O ►4 » ■ *» ► • 
<-» o ) 
t , . o »•' 
1 . 6 l:.r* 
, * ♦ <Si 
j ?» 
!*. 
[ o •0 o }, v“’ e t: • 
1 tV »•*. r.j. 
> 1** V 
k * * • • O 
! i-~* Hk v. ■ 
j <*■ 
1 0> 
i «:; 
c \ 
•! • 
i i 
Five species of mealybugs studied, and the;percent 
mortality produced by six insecticidal 
combinations♦ 
:: o to 
* * • * 
o <■■+ 
r" O 
? 
o 
'v- 
'|V 
O D C ■ 
. <*> a; 0 
‘0 «.». ? 
.. • *. ■■ 
t“r I'’"' *_•, 
c [. h 
O 
,Q 
O’ i/3 h 
Cti r I O 
. v'.' if} . 
> -■> ■> <0 
h 
v 
i- t 
*• . 
C,). 
\j 0 O 
■ l !> 
t 
■fC 
1 
< . 
* 
: l|cp pi v - M 
S 
*>0 k‘S w 
c 1 '•. 
: J / • <; ■ o J1- 
° 1 o o v, > r c <> y o 
o (, l • o o c j c:- 5 o ( 1* - c v . c-> 
r t • • O' [*4 r V - + •»' t;' h 
CP ! . 
t. 
* 
... to 
lr+ jK. s ! 
om 
? }"0 
ttfjf . 
i" k . r i 1^. 
052) 
© 9 rH 
*H ,Q Q U 2 
IOOHO 
s o A o o 
WH I »*r| I <• 
© ID & r-| 03 
©H S-H 
W MO 
& O rH 
^ O O o 
ho uo 
H -P 03 
• • (D 4 • 
•din ch 
<D * CD 
K CV2 CU 
P. © 
03 
o © o 
o o u o 
P co <; 03 
o •• **| 
•4H41 H 
O 
O 
to 
03 4 
00 
Io 
to 
• 
is 
cn 
o 
o 
ID 
ID 4 
ID 
o 
o 
•—I 
o> 
* 
ID 
iD 
to 
4 
V o4ft 
o 
3 
o 
o 
r-| 
o 
o 
»H 
o> 
o 
• 
cr> 
cr> 
e- 
ID 
« 
CO 
03 
ID 
e- 
« 
03 
CO 
"f* -• /'♦ . V - C* l 
8 
CO 
.,0 
0I i i .V 
-o.:v£..i,o 
03 
03 
4 
03 
03' 70 
H 
to 4 
to 
0> 
Q • . 
* f 
xl X 
•* tf ' - 
♦ 
o 
o 
-*v 0, i- 
• O 
o 4 
co 
to 7 • : r, 
• • 
O 
o> 
4 
0- 
<o 
is 4 
o 
to 
• 
o 
o 
H 
o H 03 Q o> A CT> 03} ♦ • 1 o o 4 to 
«h| 0- 
to 
to 
• 
to 
to 
3H 
o 
o 
o 
o 
$ 
© © (U 
TJ 
•H 
g 
© 
w 
3 
o 
o 
o 
o 
Tf 
© 
© Cu 
o 
© © H 
« 
u 
-p 
H 
o 
© 
g 
o 
o 
o 
o 
•© 
© 
£ 
4 
01 
© 
© 
PJ 
© 
g 
o 
o 
o 
© 
© 
£ 
g © 
© 
o 
4 
OT 
O 
Eh 
t5D^ 
& 
C
k
ll
 
© ' f 
V -I *" • fJD 
I • 
*0 
o ♦ 
1 > 
• 
o 
• 
V < 
c\$ o O 1-1 Hi Hi 
j 1—1 4 1 • «o ♦ » ♦ 
o m X) f-0 Q Hi Hi 
i 
.4 r 
t C O » 
O o r o. 
* % 
* 
11 1 Hi t * 
.. l \ •* i 
' 0 I- . *••1 . » 
—V ' 
f- • l-i <u 
;oi 
0> 
03 
.. -i 
Hi <"» 
i • c. O • * 
1 '• .4 o ^ 
•:- }-t : 
• • t> * * 
.j 0-* © i- 
Ol 
• % 
r**> 
• 
i. * i 
Hi 
03 
01 ♦ 
TalJle XV 
C'! 
.1 
» 
til 
01 
«'0 ♦ 
.. I 
% -1» 
• u 01, 
in 
»• 
i ; 
w 
' ‘5 o 
: ' . ' t. O !’ ■> 
.. .♦ o 
1 V*> “l I—. £ I 
CD 
i o 
Efficiency of spray combinations on different 
species of mealybugs* ■ 3 . o‘eo 
. « ♦ * < V ►' ’ 
Inefficiency is ifidicatecl by 0, while greatest 
efficiency is represented by 4. 1 O '■.!> 
,q f-4 
l.V /» 1 
C.0 h 
1-1 
♦ 
? ^ 
• 
o 
• 
/•l 
♦ 
d> o C-1 
t » 
1) H* 
o> <0 
• 
♦ 
O O' 
—'4 
1 O 
O 
o 
i: • ») 
w 
r> CO © 
* I- ■ ' 
O 
»- 
f-i 
r;. 
O 
» - 
< j 4 
. > 
CO 
o 
c:» 
-t • 
ti 
o 
c 
o 
o 
o Ci 
M. 
<r 
* •, D 
c> 
U f; O 
o 
V 
c 
X 
IV) 
• ft 
< » ^ 
s* 
to 
h f-v i -ic v 
r; tO £ 1 
‘ O: 
o 
<V I I 1 ) m : . 5 ♦. ■ • • o 
1 -■ I- i O 1 
<' V (!) 
<0 O 
to 
c 
«. 
c 
o 
1.1 *-1 © 
•V 
O C I iv 
tv 
It 
J' 
<- O O O O 
© O (CO 
■ t 
(7 
I-.. 
' s ' 
• 5 
V 
■ > 
C' 
' 1* 
o 
o 
O O 
o 
r/ 
■ © 
to 
JO 
(53) 
§5 
x> Q U 2 
j O O r-t O 
E O A O O 
»H J^COrH 
I *• rH I 
© lO 2 rH 03 
(Drl S*H 
W MO 
fe 
O .H 
i* O O 
<5H^O 
** © 03 
*© IT) C ** 
<D * © i—I 
« 03 a, 
a* 
© 
OT 
o © o 
oo^o 
f-, CO << 03 
O *• 
h! H P H 
© 
H 
© O p O 
cm. £ o 
« « £ W 
3 X s, © © 
P fU 
10 
IVX T 
Mffto o 
*9 
§ 
© 
C © 
X 
p 
© 
8 
03 
P< © 44 
TO 
© o 
h ° < 03 
H4J H © 
«= 
A © 
44 
OT © O 
© fc. 
o 
rH to U O 
<m 03 «J 03 
o •• *• 
T3 H P H © © 
O Be 
I si: j: o i3 z e sr;i *o ECf oc 11 o r v i S r. ~; vmoO 
« £Iror::'.. tglfPtoO ,laiJftQdJ"as8y/ttf 0 
X*iv.Si~ <v.n- - 0 
03 
viLrrni. • - X v *• 
irni , jre'i! - *- 
o 
© 
§ 
o 
o 
o 
o T3 
S 
£ 
4 
C 
s « 
© © © © 44 
OT 3 « « 
o •H o OT o © 3 
E o ft; o 3 o a o 
5 o V-/ o E b o TJ o o •H o o 
•ft o fl o p o © O 
c TJ C T3 •r-t *d © © 
o p 3 u 3 a c TJ © f-t © © © p © 
© © o © E © c £5 
cu a, bu 
3 O 
c« 
S © © 
© 
SIS 
» .* 
I V I ». 
o V. 1 o 
n> 
) • % 0) 
f’n* 
■ i 
■ 5~» A » 
> o f- « . 
, <’■ t 
• » |-1 .. 1 
ai *! 
i- ■ • 
1 » ,*J 
It a 
o O A 
o A 
V* 
'i c • • 
• CjJ ? • 
- VJP * a 
r ’ 
t * !•> W4 
o o (A 
Table XVI 
tO 
'» 
O o c 
■ ■ Jt < : O 
: GO 4 
-• 
f-. ’■ ’ . f-4 
r> 
O 
f--» 
I' : 'O X - Comparative effects of insecticidal combinations on 
0 - no injury 
1 - slight injury 
4 - greatest injur^y o o to 
o O O <■> o 
l ' )• 
c
r
 
4.
 
o 
f: tjv 
i 1 1 
j O <*♦ o 
t J 
1' \ 
i - • 4 4 
* ■., < t- 1-1 P 
0 ft: 
! “4 u 
1 - 
► - ♦ 
to »-■. 
» 0 *V> O 
IO A :.a ’ 
‘w ; - irV 1-0 
• • * •• 
!li r • h*( 1 ' 
! •*> D 
1 '•* O 
»• 
lx, O 
i- 
» 
CD 
C:\o\rj 
is | •) o 
! - y*f 
I > !G 
P 
o 
h>" 
3| : 
- isv ** t i*- 
c> 
>'•> 
"V o 
•- 'I o 
o 
»r 
< "• 
. t~ 0) 
i<, t 
* 
(V 
Vi 
•O 
yi% 
' -ti 
( 
<r» 
*? i ; 
I. 
C54) 
„ g ® <D iH 
•r4 £) Q U 2 . 
I OOHO 
SOXlOO 
to r-1 0,(0 hi 
r 4'h i 
cc to p M to| 
®H S<h 
ca too 
p *-l 
Ui O o 
o s-» o 
*• <D <M I 
•d if) c ♦♦ 
(D 4 (t) r-f 
§* 
O to H 
XIV; dIc A 
• c> ai ol 
, « 
H 
_ axroH njf * I ■ ; I ii o i Eirdal 
POjDO rl O iH to 
•» «• < 7 ry 
U co k to
3^ <J •• 
H 4* 
£ 
§£>~ re i ic 
,s? h 
V' '.'...I Op J 
©0^01 
cj in 4^ o 
© to © to 
A** G 
+*H © 
®4 '1 J- "v r~. t •*• 
- J».. J G -J t 
' <!■“» i* ••-■> 
'••• IW. n —' t' rJ * * r.r •• : • ■ - * »■* w«*» V* 
r ^ r f C’ r !■ f r 1 * *■ ' ^ (. ’ r 
•*" ■- — ■«. v J. •. . J J. Cr I: 0 0 0 
Xsl '..V. n Tr.s i ' ?’• 4 •* O v ■ 1 '/*' ' ' ^ v. 
li’lw X 0 P , ^'Vi f ;••■', -«» • J- • c. + r- C- -*V “X - X .. Kr ( w * • ■ 0 ,i. 
o 
0
 
z
 
j?o.; c?o'tr,. 
k' • 0 J. ; ': < -Oi C ■ r- ,v ~ + •o r - ( -> { l-1 • -• - M Jl kJ 
C' ". i.' : - 
'iC '{/Hit \ flKOr J ' D ,-J-r-dv'I- 
_ __ A. > ..f J *- « 
►4 * 
If 
Si iii«j | • j"i • 0 i -'i : . ;• *•* r 'cf^.r i • •» 
®S ®8 » o * » « ' - 
• i*l&X <f HBnpQlt 
j &‘aonj5*xo ; .c nc •. -mc/- r>;,; — 
le j sQL cj \a. r' -i il 00- ’on.oic 
« 
u in 
o © 
H uo 
<h io <q o O to C3 
•d •• 43 .« 
© H © H O ftt 
r:C iy>ri:tai - 
• 1C : 10 .ioiU •?. iO 
to to 
o 
V>\ 
5 
•P 
m 
a 
p 
© 
CJ 
© 
TJ 
u 
© 
$4 
© 
o 
K? 
(> 
vo a 
t—-» ,' 
: v 
1 ■ ►; < > 
* ! t ( V 1 
< c r, t; =.'■ 
V : ' 
.. \ l *• 1 ; ' . 
' H. \P 
n n\ £*'• 
i , • < 
Table XVII 
!• . 6 O ► I 
I v ’ > *> 
C • I v *’ (I -• 
1.. 
♦- ' *.•>! 
' 
! p 
Tabulations of counts made in House Number 1 
4 
5 
$ -ii 
0 - no mealybugs seen 
t ' 
0 i* - an occasional individual present 
> Q Q o 
'j ■.) *-? 
• * ; • • 
y I •« f - 
<’ f 
- mealybugs scattered here and the;re; no 
clusters; three-fourths of the branches 
uninfested o w o i > 
C ♦-! ' 1 
(* i < o 
- mealybugs scattered; may or may not bet 
clusters; one-half of the branches 
uninfested f. 
.» *>■" 
- mealybugs generally present; three- 
fourths of the branches infested*; J 
clusters frequent and larger than in 2 
; i f h (' i r 
- mealybugs on all branches; clusters 
- mealybugs on all branches; many [clusters 
one inch or more in length 
tc *4 ' 
r-. 
’ c ic *•* »•■■■ 
1 r ■ ui ►«> 
' • '> ' 
. ■■ t < v 
c. 
•rV 
s 
Cjl 
I 
0/ 
c 
n 
% 
CIO 
f > 
o 
') 
|b 
ir V 
fn 
<r 
vl 
f J 
(55) 
1 
o 
r * 
V i O' 
• rr> 
.4 
* 
O c». 
1 
»•» 
I I I O 
i 
n 
i 
table XVIII 
O 
a 
: • Hi t’ ij, i o n 
0 
0- 
1 
4 
5 
- r^o mpalybugs sben , , 
. t > o v-. a o i- i 
« ^ .4 I—• Ts tD j | | o ' <■■ K» 
Tabulations of counts made in Housae Number ;2♦ 
o o i.. •: 
v-i »C; H 
• • I H< I 
Oi h-i 'Q & 
^ J -- ^ I' i* (P 
- an occasional individual \present c ■ 
r O t O v • O J"' *"■» 
- mealybugs scattered hiere<an,d there*; no,, 
clusters; three-fourths of the branches 
infested <u d ,< c - k ■ < - ,» 
mealybugs scattered; may‘or may not be< 
clusters; o,ne-hal£ of, th$ branches! • v 
» uninfested^ ° l* 
i L. 
- mealybugs generally presen tv', three- 
fourths of the branches infested; 
clusters frequent and largef than in 2 
i / 
- mealybugs Qh all branches*; cluster^ 
- mealybugs on all branches; fnany clusters 
dne inch or more in length i ** ** 
i \ i 
v *2 l ' tu 
I - * o > ' o 
I H. 
Cl 
tv 
1 
I Hi 
I 
<‘J 
C) 
r J 
* 
r., 
o 
*•1 
i H I 
A 
( O 
1 , cy h. 
n> 
f 
t 
to 
iO 5rJ 
Hi 
*0 
U> 
Hi 
to 0' 
to 
%. - 
c' 
1 Hi 
I 
t ; 
H. 
►5 
VO 
H ♦ 
n 0 
<r* 
i 
f j 
i 
to 
o 
;* 
o 
i <n 
<!, 
I 
:u 
to 
t j' - ’ 
‘ . <® I 
i 0 ' »4 
I<» : I" ? tC/ o 
*i 'J H'l 
!/0 (. <■> 
*. O 
Hi vV>' f!) 
Hi '0 W V* 
c o 
(56) 
The variations of temperature and relative humidity 
in the greenhouse* 
temperature; —— relative humidity. 
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Hourly variations of temperature and relative humidity 
in the greenhouse during the course of the experiments 
in 1936-1937 * 
temperature; -—- relative humidity. 
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